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IMPORTANT INFORMATION 


Samsung Semiconductor, Inc. and Samsung Electronics, Inc., reserves the right to make changes to its products or 
specifications at any time, without notice. Customers should obtain the latest versions of product specifications, which 
should be used in evaluating a product for any application. 


Samsung products are not intended for use as critical components in life support applications where a malfunction of 
failure of the product may be expected to result in injury to the user, without the express written approval of the 
President of Samsung Semiconductor, Inc. or the Vice Chairman of Samsung Electronics, Inc. 


Samsung Semiconductor, Inc. and Samsung Electronics, Inc., subjects its products to normal quality control sampling 
techniques which are intended to provide an assurance of high quality products suitable for usual commercial applica- 
tions. Samsung Semiconductor, Inc. and Samsung Electronics, Inc. does not do testing sufficient to provide 100% prod- 
uct quality assurance and assumes no liability for consequential or incidental damages due to the use of its products. 


“Copyright 1993. Samsung Semiconductor, Inc. and Samsung Electronics, Inc. 
No part of this document may be copied or reproduced without the prior written consent of Samsung Semiconductor, 
Inc. or Samsung Electronics, Inc. 
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SAMSUNG SEMICONDUCTOR: AN OVERVIEW 


Samsung Semiconductor is a unit of the Samsung 
Group, a worldwide, Korean-based chaebol conglomer- 
ate of 34 companies that enjoyed sales of $48 billion in 
1992. Sales of Samsung Electronics Co., Ltd., of which 
Samsung Semiconductor is a division, were more than 
$7 billion in 1992. For 1992, its earnings made 
Samsung the world's 11st largest maker of semicon- 
ductors. 


Semiconductor Capabilities 

Since entering the semiconductor market in 1974, 
Samsung has grown to produce more than 3,000 pro- 
duct types, and compete with the world's most 
advanced companies. Keys to the firm's competitive 
position include outstanding proprietary product design, 
state-of-the-art CMOS and Bi-CMOS process technolo- 
gies, and stable product supply. 


Samsung now spends some 8% of total revenues on 
research and development-a greater percentage than is 
spent by many of the world's leading electronics firms- 
to assure continued leadership and competitiveness. 


Much of Samsung's attention has historically gone to 
commodity and emerging-generation memory products. 
The firm is ranked by market research firms as the 
world's first-largest supplier of the 4-megabit DRAM. 
Large-scale production of 4-megabit SRAMs and 16- 
megabit DRAMs has been under way for some time, 
and the company holds a leadership position in 16- 
megabit DRAMs. In addition to these efforts, however, 
Samsung is also a supplier of leading-edge technology 
products. 


These include ASICs, with standard-cell, gate array, 
and full-custom offerings now in development in 1.0 
micron, 0.8 micron, and 0.8 micron process: Industry- 
leading FIFOs-both standard and program-mable-flag; 
DRAM controllers, including a proprietary chip devel- 
oped with the cooperation of Motorola to support the 
68040 microprocessor; Bi-CMOS ultrafast SRAMs; a 
emerging family of graphics products, including RAM 
DACs and video RAMs. 


Fabrication Facilities 

Fabrication of many of these products is done at our 
facilities in San Jose, California. Worldwide, Samsung 
Semiconductor runs a total of some nine advanced 
R&D and manufacturing facilities. The Class1, 8" wafer- 
fabrication line at Kiheung, Korea, dedicated to DRAM 


technology, has been in operation for several years and 
remains among the largest and most advanced facilities 
ever built. 


Throughout the industry and across all of its product 
lines, Samsung has become known for a rigorous com- 
mitment to quality and reliability. 


Microproducts 

Microproducts covered in this data book include Bipolar 
Transistors, an area in which Samsung's broad line 
makes it the world's Number Two producer, Power 
MOSFETs noteworthy for their ruggedness characteris- 
tics and breadth of line, with parts available of all types, 
for all applications; Linear |Cs-one of the broadest lines 
on the market; a number of Graphics Products, includ- 
ing many that support high performance; and a full 
range of Computer Products-many of them leaderships 
parts, all of them noteworthy for quality and reliability. 


Additional or updated information on microproducts or 
any other Samsung product is available from: 


Samsung Semiconductor, Inc. 
Marketing Communications 
3725 North First Street 

San Jose, CA 95134-1708 


1-800-423-7364 
(408)954-7274 
FAX:(408)954-7286 


For ordering information or further assistance, please 
contact your nearest Samsung Sales Office, Sales 
Representative, or authorized Distributor, listed in the 
back of this book. 
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PRODUCT INDEX 


ALPHA NUMERIC INDEX Power MOSFET 

S/S TR Standard MOSFET 

ewe [mee] [manne 
2N3904 29 2N7000 
2N3906 IRF510 
2N4401 IRF520 
2N4403 IRF530 
2N5087 IRF540 
2N5088 IRF610 
2N5551 IRF620 
2N6515 IRF624 
KSP06 IRF630 
KSP10 IRF640 
KSP13 IRF644 
KSP2222A IRF710 
KSP27 IRF720 
KSP2907A IRF730 
KSP42 IRF740 
KSP44 IRF820 
KSP56 IRF830 
KSP92 IRF840 
KST10-TF IRF9510 
KST2222A-TF IRF9520 
KST2484-TF IRF9530 
KST2907A-TF IRF9540 
KST3904-TF IRF9610 
KST3906-TF IRF9620 
KST42-TF IRF9630 
KST4401-TF IRF9640 
KST4403-TF IRF9Z10 
KST5401-TF IRF9Z20 
KST5551-TF IRF9Z30 


KST92-TF 


Power TR 


KSH112-1/TF 
KSH117-1/TF 
KSH122-1/TF 
KSH127-I/TF 


KSH2955-1/TF 
KSH29C-I/TF 
KSH3055-1/TF 
KSH30C-I/TF 
KSH44H11-1/TF 
KSH45H11-1/TF 


pransonsd 


ELECTRONICS 


IRFP150 
IRFP254 
IRFRO10-TF 
IRFRO20-TF 
IRFR110-TF 
IRFR120-TF 
IRFR210-TF 
IRFR220-TF 
IRFR310-TF 
IRFR320-TF 
IRFR420-TF 
IRFR9010-TF 
IRFR9020-TF 
IRFR9120-TF 
IRFR9210-TF 
IRFS624 
IRFS634 
IRFS644 
IRFS730 
IRFS740 


PRODUCT INDEX 


Power MOSFET 
Standard MOSFET (Continued) Logic Level MOSFET 


PART NO. | PAGE PART NO. PAGE 


IRFS830 IRL510 
IRFS840 IRL520 
IRFS9540 IRL530 
IRFS9640 IRL540 
IRFSZ34 IRL610 
IRFSZ44 IRL620 
IRFU010 IRL624 
IRFU020 IRL630 
IRFU110 IRL640 
IRFU120 IRLRO10 
IRFU210 IRLRO20 
IRFU220 IRLR110 
IRFU310 IRLR120 
IRFU320 IRLR210 
IRFU420 IRLR220 
IRFU9010 IRLU010 
IRFU9020 IRLU020 
IRFU9120 IRLU110 
IRFU9210 IRLU120 
IRFZ14 IRLU210 
IRFZ24 IRLU220 
IRFZ34 IRLZ14 
IRFZ44 IRLZ24 


SSH10N70 
SSH20N50 
SSH60N10 
SSP1N60 
SSP4N60 
SSP4N70 
SSP6N60 
SSR1N60 
SSR2955 
SSR3055 
SSU1N60 
SSU2955 
SSU3055 


IRLZ34 
IRLZ44 
SSP3055L 
SSR3055L 
SSU3055L 


L-IC 
Industrial IC 


PART NO. PAGE 


KA2808 
KA317 
KA319 
KA324 
KA339/A 
KA34063A 
KA3525A 
KA358A 
KA3842/3/4/5B 
KA393/A 
KA431/A 
KA555/I 
KA556/! 
KA558/I 
KA76LO5 
KA78XX/A/| 
KA78LXXA 
KA79XX 
KA7OLXXA 


tole 
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Data Converter 


KDA 0458 


KDA0471 
KDA0476 
KDA0478 
KSV3110 


Telecom 


Audio 
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PRODUCT INDEX 


FUNCTIONAL SELECTION GUIDE 
BIPOLAR TRANSISTOR 


PART NO. DESCRIPTION PAGE 


2N3904 
2N3906 
2N4401 
2N4403 
2N5087 
2N5088 
2N5551 
2N6515 
KSP06 
KSP10 
KSP13 
KSP2222A 
KSP27 
KSP2907A 
KSP42 
KSP44 
KSP56 
KSP92 
KST10-TF 


KST2222A-TF 


KST2484-TF 
KST2907-TF 
KST3904-TF 
KST3906-TF 
KST42-TF 
KST4401-TF 
KST4403-TF 
KST5401-TF 
KST5551-TF 
KST92-TF 
KSH112-TF 
KSH112-| 
KSH117-TF 
KSH117-1 
KSH122-TF 
KSH122-| 
KSH127-TF 
KSH127-I 
KSH2955-TF 
KSH2955-| 
KSH3055-TF 
KSH3055-| 
KSH29C-TF 
KSH29C-| 
KSH30C-TF 
KSH30C-I 


KSH44H11-TF 


KSH44H11-I 


TR, NPN, GP, 60V, TO-92 

TR, PNP, GP, 40V, TO-92 

TR, NPN, GP, 60V, TO-92 

TR, PNP, GP, 40V, TO-92 

TR, PNP, AMP, 50V, TO-92 

TR, NPN, AMP, 35V, TO-92 

TR, NPN, AMP, 180V, TO-92 

TR, NPN, HIVOLT, 250V, TO-92 

TR, NPN, AMP, 80V, 0.5A, TO-92 

TR, NPN, VHF/UHF, 650MHZ, TO-92 

TR, NPN, DALRLINGTON, 30V, 0.5A, TO-92 
TR, PNP, GP, 60V, 0.6A, TO-92 

TR, NPN, DALRLINGTON, 60V, 0.5A, TO-92 
TR, PNP, GP, 60V, 0.6A, TO-92 

TR, NPN, HI-VOLT, 300V, 0.5A, TO-92 

TR, NPN, HI-VOLT, 500V, 0.3A, TO-92 

TR, PNP, AMP, 80V, 0.5A, TO-92 

TR, PNP, HI-VOLT, 300V, 0.5A, TO-92 

TR, NPN, VHF/UHF, 30V, SOT-23, T&R 

TR, NPN, GP, 75V, 0.6, SOT-23, T&R 

TR, NPN, LOW NOISE, 60V, 50mA, SOT-23, T&R 
TR, PNP, GP, 60V, 0.6A, SOT-23, T&R 

TR, NPN, GP, 60V, 0.2A, SOT-23, T&R 

TR, PNP, GP, 40V, 0.2A, SOT-23, T&R 

TR, NPN, HI-VOLT, 300V, 0.6A, SOT-23, T&R 
TR, NPN, SWITCH, 60V, 0.6A, SOT-23, T&R 
TR, PNP, SWITCH, 40V, 0.6A, SOT-23, T&R 
TR, PNP, HI-VOLT, 160V, 0.5A, SOT-23, T&R 
TR, PNP, AMP, 160V, 0.5A, SOT-23, T&R 

TR, PNP, HI-VOLT, 300V, 0.5A, SOT-23, T&R 
TR, NPN, DARLINGTON, 100V, 2A, D-PAK, T&R 
TR, NPN, DARLINGTON, 100V, 2A, I-PAK 

TR, PNP, DARLINGTON, 100V, 2A, D-PAK, T&R 
TR, PNP, DARLINGTON, 100V, 2A, I-PAK 

TR, NPN, DARLINGTON, 100V, 8A, D-PAK, T&R 
TR, NPN, DARLINGTON, 100V, 8A, I-PAK 

TR, PNP, DARLINGTON, 100V, 8A, D-PAK, T&R 
TR, PNP, DARLINGTON, 100V, 8A, I-PAK 

TR, PNP, GP, 60V, 10A, D-PAK, T&R 

TR, PNP, GP, 60V, 10A, I-PAK 

TR, NPN, GP, 60V, 10A, D-PAK, T&R 

TR, PNP, GP, 60V, 10A, I-PAK 

TR, NPN, GP, 100V, 1A, D-PAK, T&R 

TR, NPN, GP, 100V, 1A, I-PAK 

TR, PNP, GP, 100V, 1A, D-PAK, T&R 

TR, PNP, GP, 100V, 1A, I-PAK 

TR, NPN, GP, 80V, 8A, D-PAK, T&R 

TR, NPN, GP, 80V, 8A, I-PAK 


TR: Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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PRODUCT INDEX 


FUNCTIONAL SELECTION GUIDE 
BIPOLAR TRANSISTOR (Continued) 


PART NO. DESCRIPTION PAGE 


KSH45H11-TF TR, PNP, GP, 80V, 8A, D-PAK, T&R 
KSH45H11-I TR, PNP, GP, 80V, 8A, I-PAK 


TR : Transistor, LI : Linear, FET : MOSFET, MPR : Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 


POWER MOSFET 
Standard MOSFET 


2N7000 
IRF510 
IRF511 

IRF512 
IRF513 
IRF520 
IRF521 

IRF522 
IRF523 
IRF530 
IRF531 

IRF532 
IRF533 
IRF540 
IRF541 

IRF542 
IRF543 
IRF610 
IRF611 

IRF612 
IRF613 
IRF620 
IRF621 

IRF622 
IRF623 
IRF624 
IRF625 
IRF630 
IRF631 

IRF632 
IRF633 
IRF640 
IRF641 

IRF642 
IRF643 


FET, 60V, 5R, 0.2A, 0.4W, N-CH, TO-92 
FET, 100V, 0.54R, 5.6A, 43W, N-CH, TO-220 
USE IRF510 

USE IRF510 

USE IRF510 

FET, 100V, 0.27R, 9.2A, 6OW, N-CH, TO-220 
USE IRF520 

USE IRF520 

USE IRF520 

FET, 100V, 0.15R, 14A, 77W, N-CH, TO-220 
USE IRF530 

USE IRF530 

USE IRF530 

FET, 100V, 0.077R, 28A, 125W, N-CH, TO-220 
USE IRF540 

USE IRF540 

USE IRF540 

FET, 100V, 1.50R, 3.3A, 43W, N-CH, TO-220 
USE IRF610 

USE IRF610 

USE IRF610 

FET, 200V, 0.8R, 5A, 40W, N-CH, TO-220 
USE IRF620 

USE IRF620 

USE IRF620 

FET, 250V, 1.1R, 3.8A, 40W, N-CH, TO-220 
USE IRF624 

FET, 200V, 0.40R, 9.0A, 75W, N-CH, TO-220 
USE IRF630 

USE IRF630 

USE IRF630 

FET, 200V, 0.18R, 18.0A, 125W, N-CH, TO-220 
USE IRF640 

USE IRF640 

USE IRF640 


TR : Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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PRODUCT INDEX 


Standard MOSFET (Continued) 


PART NO. DESCRIPTION PAGE 


IRF644 FET, 250V, 0.28R, 14A, 125W, N-CH, TO-220 
IRF645 USE IRF644 

IRF710 FET, 400V, 3.6R, 2.0A, 36W, N-CH, TO-220 
IRF711 USE IRF710 

IRF712 USE IRF710 

IRF713 USE IRF710 

IRF720 FET, 400V, 1.8R, 3.3A, 50W, N-CH, TO-220 
IRF721 USE IRF720 

IRF722 USE IRF720 

IRF723 USE IRF720 

IRF730 FET, 400V, 1.0R, 5.5A, 75W, N-CH, TO-220 
IRF731 USE IRF730 

IRF732 USE IRF730 

IRF733 USE IRF730 

IRF740 FET, 400V, 0.55R, 10A, 125W, N-CH, TO-220 
IRF741 USE IRF740 

IRF742 USE IRF740 

IRF743 USE IRF740 

IRF820 FET, 500V, 3.0R, 2.5A, 50W, N-CH, TO-220 
IRF821 USE IRF820 

IRF822 USE IRF820 

IRF823 USE IRF820 

IRF830 FET, 500V, 1.5R, 4.5A, 75W, N-CH, TO-220 
IRF831 USE IRF830 

IRF832 USE IRF830 

IRF833 USE IRF830 

IRF840 FET, 500V, 0.85R, 8.0A, 125W, N-CH, TO-220 
IRF841 USE IRF840 

IRF842 USE IRF840 

IRF843 USE IRF840 

IRF9510 FET, 100V, 1.2R, 3A, 20W, P-CH, TO-220 
IRF9511 USE IRF9510 

IRF9512 USE IRF9510 

IRF9513 USE IRF9510 

IRF9520 FET, 100V, 0.6R, 6A, 40W, P-CH, TO-220 
IRF9521 USE IRF9520 

IRF9522 USE IRF9520 

IRF9523 USE IRF9520 

IRF9530 FET, 100V, 0.30R, 12A, 75W, P-CH, TO-220 
IRF9531 USE IRF9530 

IRF9532 USE IRF9530 

IRF9533 USE IRF9530 

IRF9540 FET, 100V, 0.2R, 19A, 125W, P-CH, TO-220 
IRF9541 USE IRF9540 

IRF9542 USE IRF9540 

IRF9543 USE IRF9540 

IRF9610 FET, 200V, 3.0R, 1.75A, 20W, P-CH, TO-220 
IRF9611 USE IRF9610 


TR: Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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Standard MOSFET (Continued) 


PART NO. DESCRIPTION PAGE 


IRF9612 
IRF9613 
IRF9620 
IRF9621 
IRF9622 
IRF9623 
IRF9630 
IRF9631 
IRF9632 
IRF9633 
IRF9640 
IRF9641 
IRF9642 
IRF9643 
IRF9Z10 
IRF9Z12 
IRF9Z20 
IRF9Z22 
IRF9Z30 
IRF9Z32 
IRFP150 
IRFP151 
IRFP152 
IRFP153 
IRFP254 
IRFP255 
IRFRO10-TF 
IRFRO12 
IRFRO14 
IRFRO15 
IRFRO20-TF 
IRFRO22 
IRFRO24 
IRFRO25 
IRFR110-TF 
IRFR111 
IRFR120-TF 
IRFR122 
IRFR220-TF 
IRFR222 
IRFR310-TF 
IRFR312 
IRFR320-TF 
IRFR322 
IRFR9010-T1 
IRFR9012 
IRFR9014 
IRFR9015 


USE IRF9610 

USE IRF9610 

FET, 200V, 3.0R, 1.52, 3A, 30W, P-CH, TO-220 
USE IRF9620 

USE IRF9620 

USE IRF9620 

FET, 200V, 0.80R, 6.5A, 75W, P-CH, TO-220 
USE IRF9630 

USE IRF9630 

USE IRF9630 

FET, 200V, 0.6R, 11A, 125W, P-CH, TO-220 

USE IRF9640 

USE IRF9640 

USE IRF9640 

FET, 50V, 0.50R, 4.7A, 20W, P-CH, TO-220 

USE IRF9Z10 

FET, 50V, 0.28R, 9.7A, 40W, P-CH, TO-220 

USE IRF9Z20 

FET, 50V, 0.14R, 18A, 75W, P-CH, TO-220 

USE IRF9Z30 

FET, 100V, 0.055R, 40A, 150W, N-CH, TO-3P 
USE IRFP150 

USE IRFP150 

USE IRFP150 

FET, 250V, 0.14R, 23A, 150W, N-CH, TO-3P 

USE IRFP254 

FET, 50V, 0.20R, 8.2A, 25W, N-CH, D-PACK, T&R 
USE IRFRO10-T1 

USE IRFRO10-T1 

USE IRFRO10-T1 

FET, 50V, 0.10R, 15A, 42W, N-CH, D-PACK, T&R 
USE IRFR0O20-T1 

USE IRFRO20-T1 

USE IRFR0O20-T1 

FET, 100V, 0.27R, 8.4A, 42W, N-CH, D-PACK, T&R 
USE IRFR120-T1 

FET, 100V, 1.5R, 2.7A, 25W, N-CH, D-PACK, T&R 
USE IRFR210-T1 

FET, 200V, 0.80R, 4.6A, 42W, N-CH, D-PACK, T&R 
USE IRFR220-T1 

FET, 400V, 3.6R, 1.5A, 25W, N-CH, D-PACK, T&R 
USE IRFR310-TF 

FET, 400V, 1.8R, 2.7A, 42W, N-CH, D-PACK, T&R 
USE IRFR320-TF 

FET, 50V, 0.5R, 5.3A, 25W, P-CH, D-PACK, T&R 
USE IRFR9010-T1 

USE IRFR9010-T1 

USE IRFR9010-T1 


TR : Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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PRODUCT INDEX 


Standard MOSFET (Continued) 


PART NO. DESCRIPTION PAGE 


IRFR9020-T 1 FET, 50V, 0.28R, 9.9A, 42W, P-CH, D-PACK, T&R 
IRFR9022 USE IRFR9020-T1 

IRFR9024 USE IRFR9020-T1 

IRFR9025 USE IRFR9020-T1 

IRFR9120-T1 FET, 100V, 0.60R, 5.9A, 42W, P-CH, D-PACK, T&R 
IRFR9121 USE IRFR9120-T1 

IRFR9210-T1 FET, 200V, 3.0R, 2.0A, 25W, P-CH, D-PACK, T&R 
IRFR9212 USE IRFR9120-T1 


IRFS624 
IRFS625 
IRFS634 
IRFS635 
IRFS644 
IRFS645 
IRFS730 
IRFS731 
IRFS732 
IRFS733 
IRFS740 
IRFS741 
IRFS742 
IRFS743 
IRFS830 
IRFS831 
IRFS832 
IRFS833 
IRFS840 
IRFS841 
IRFS842 
IRFS843 


FET, 250V, 1.1R, 3.3A, 30W, N-CH, TO-220F 
USE IRFS624 

FET, 250V, 0.45R, 5.5A, 35W, N-CH, TO-220F 
USE IRFS634 

FET, 250V, 0.28R, 8.5A, 40W, N-CH, TO-220F 
USE IRFS645 

FET, 400V, 1.0R, 3.5A, 35W, N-CH, TO-220F 
USE IRFS730 

USE IRFS730 

USE IRFS730 

FET, 400V, 0.55R, 5.5A, 40W, N-CH, TO-220F 
USE IRFS740 

USE IRFS740 

USE IRFS740 

FET, 500V, 1.5R, 3.0A, 35W, N-CH, TO-220F 
USE IRFS830 

USE IRFS830 

USE IRFS830 

FET, 500V, 0.85R, 4.5A, 40W, N-CH, TO-220F 
USE IRFS840 

USE IRFS840 

USE IRFS840 


IRFS9540 FET, 100V, 0.2R, 10.7A, 40W, P-CH, TO-220F 
IRFS9541 USE IRFS9540 

IRFS9542 USE IRFS9540 

IRFS9543 USE IRFS9540 

IRFS9640 FET, 200V, 0.5R, 0.2A, 40W, P-CH, TO-220F 
IRFS9641 USE IRFS9640 

IRFS9642 USE IRFS9640 

IRFS9643 USE IRFS9640 


IRFSZ34 
IRFSZ35 
IRFSZ30 
IRFSZ32 
IRFSZ44 
IRFSZ45 
IRFSZ40 
IRFSZ42 
IRFUO10 
IRFU012 


FET, 60V, 0.05R, 18.7A, 35W, N-CH, TO-220F 
USE IRFSZ34 

USE IRFSZ34 

USE IRFSZ34 

FET, 60V, 0.028R, 34A, 65W, N-CH, TO-220F 
USE IRFSZ44 

USE IRFSZ44 

USE IRFSZ44 

FET, 50V, 0.20R, 8.2A, 25W, N-CH, I-PACK 
USE IRFU010 — 


TR: Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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PRODUCT INDEX 


Standard MOSFET (Continued) 


PART NO. DESCRIPTION PAGE 


IRFU014 
IRFU0O15 
IRFU020 
IRFU022 
IRFU024 
IRFU025 
IRFU120 
IRFU121 
IRFU210 
IRFU212 
IRFU220 
IRFU222 
IRFU310 
IRFU312 
IRFU320 
IRFU322 
IRFU9010 
IRFU9012 
IRFU9014 
IRFU9015 
IRFU9020 
IRFU9022 
IRFU9024 
IRFU9025 
IRFU9120 
IRFU9121 
IRFU9210 
IRFU9212 
IRFZ14 
IRFZ15 
IRFZ24 
IRFZ25 
IRFZ34 
IRFZ35 
IRFZ44 
IRFZ45 
SSH10N70 


SSH10N70A 


SSH20N50 


SSH20N50A 


SSH20N45 


SSH20N45A 


SSH60N10 


SSH60N10A 


SSH60NO06 


SSH6ONO6A 


SSP1N60 
SSP4N60 


USE IRFU010 

USE IRFU010 

FET, 50V, 0.10R, 15A, 42W, N-CH, I-PACK 
USE IRFU010 

USE IRFU010 

USE IRFU010 

FET, 100V, 0.27R, 8.4A, 42W, N-CH, I-PACK 
USE IRFU120 

FET, 200V, 1.5R, 2.7A, 25W, N-CH, I-PACK 
USE IRFU210 

FET, 200V, 0.80R, 4.6A, 42W, N-CH, I-PACK 
USE IRFU220 

FET, 400V, 3.6R, 1.5A, 25W, N-CH, I-PACK 
USE IRFU310 

FET, 400V, 1.8R, 2.7A, 40W, N-CH, I-PACK 
USE IRFU320 

FET, 50V, 0.5R, 5.3A, 25W, P-CH, I-PACK 
USE IRFU9010 

USE IRFU9010 

USE IRFU9010 

FET, 50V, 0.28R, 9.9A, 42W, P-CH, I-PACK 
USE IRFU9020 

USE IRFU9020 

USE IRFU9020 

FET, 100V, 0.60R, 5.9A, 42W, P-CH, I-PACK 
USE IRFU9020 

FET, 200V, 3.00R, 2.0A, 25W, P-CH, I-PACK 
USE IRFU9210 

FET, 60V, 0.20R, 10A, 36W, N-CH, TO-220 
USE IRFZ14 

FET, 60V, 0.1R, 15A, 40W, N-CH, TO-220 
USE IRFZ24 

FET, 60V, 0.05R, 30A, 90W, N-CH, TO-220 
USE IRFZ34 

FET, 60V, 0.028R, 35A, 150W, N-CH, TO-220 
USE IRFZ44 

FET, 700V, 1.2R, 10A, 150W, N-CH, TO-3P 
USE SSH10N70 

FET, 500V, 0.35R, 20A, 150W, N-CH, TO-3P 
USE SSH20N50 

USE SSH20N50 

USE SSH20N50 

FET, 100V, 0.03R, 60A, 150W, N-CH, TO-3P 
USE SSH60N10 

USE SSH60N10 

USE SSH60N10 

FET, 600V, 12R, 1A, 40W, N-CH, TO-220 
FET, 600V, 3.0R, 4A, 75W N-CH, TO-220 


TR : Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
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Standard MOSFET (Continued) 


PART NO. DESCRIPTION PAGE 


SSP4N55 USE SSP4N60 
SSP4N70 FET, 700V, 3.5R, 4A, 125W N-CH, TO-220 
SSP4N70A USE SSP4N70 
SSP6N60 FET, 600V, 1.8R, 6A, 125W N-CH, TO-220 
SSP6N55 USE SSP6N60 


SSR1N60 FET, 600V, 12R, 1A, 40W N-CH, D-PACK T&R 
SSR1N55 USE SSR1N60 

SSR2955 FET, 60V, 0.3R, 12A, 42W P-CH, D-PACK T&R 
SSR3055 FET, 60V, 0.15R, 12A, 42W N-CH, D-PACK T&R 
SSU1N60 FET, 600V, 12R, 1A, 40W N-CH, I-PACK 
SSU1N55 USE SSU1N60 

SSU2955 FET, 60V, 0.3R, 12A, 42W P-CH, I-PACK 
SSU3055 FET, 60V, 1.15R, 12A, 42W N-CH, I-PACK 


TR: Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 


Logic Level FET 


PART NO. DESCRIPTION PAGE 


IRL510 FET, 100V, 0.75R, 4A, 43W, N-CH, TO-220, LOGIC LEVEL 
IRL511 USE IRL510 

IRL520 FET, 100V, 0.4R, 7.9A, 42W, N-CH, TO-220, LOGIC LEVEL 
IRL521 USE IRL520 

IRL530 FET, 100V, 0.2R, 13A, 75W, N-CH, TO-220, LOGIC LEVEL 
IRL531 USE IRL530 

IRL540 FET, 100V, 0.11R, 24A, 125W, N-CH, TO-220, LOGIC LEVEL 
IRL541 USE IRL540 

IRL610 FET, 200V, 2.4R, 2A, 43W, N-CH, TO-220, LOGIC LEVEL 
IRL611 USE IRL610 

IRL620 FET, 200V, 1.2R, 4A, 42W, N-CH, TO-220, LOGIC LEVEL 
IRL621 USE IRL620 

IRL630 FET, 200V, 0.6R, 8A, 75W, N-CH, TO-220, LOGIC LEVEL 
IRL631 USE IRL630 

IRL640 FET, 200V, 0.22R, 16A, 125W, N-CH, TO-220, LOGIC LEVEL 
IRL641 USE IRL640 

IRLRO14-TF FET, 60V, 0.3R, 6.7A, 25W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLRO10 USE IRLRO14 

IRLRO24-TF FET, 60V, 0.3R, 0.15A, 25W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLRO2O USE IRLR024 


TR : Transistor, LI : Linear, FET : MOSFET, MPR : Microprocessor Peripherals, T&R : Tape & Reel 
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Logic Level FET (Continued) 


PART NO. DESCRIPTION PAGE 


IRLR110-TF FET, 100V, 0.75R, 4A, 30W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLR111 USE IRLR110 

IRLR120-TF FET, 100V, 0.4R, 7.9A, 42W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLR121 USE IRLR120 

IRLR210-TF FET, 200V, 2.4R, 2A, 25W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLR211 USE IRLR210 

IRLR220-TF FET, 200V, 1.2R, 4A, 42W, N-CH, D-PACK, LOGIC LEVEL, T&R 
IRLR221 USE IRLR220 

IRLU014 FET, 60V, 0.3R, 6.7A, 25W, N-CH, I-PACK, LOGIC LEVEL 
IRLU010 USE IRLU014 

IRLU024 FET, 60V, 0.15R, 14A, 42W, N-CH, I-PACK, LOGIC LEVEL 
IRLU020 USE IRLU024 

IRLU110 FET, 100V, 0.75R, 4A, 30W, N-CH, I-PACK, LOGIC LEVEL 
IRLU111 USE IRLU110 

IRLU120 FET, 100V, 0.4R, 7.9A, 42W, N-CH, I-PACK, LOGIC LEVEL 
IRLU121 USE IRLU120 

IRLU210 FET, 100V, 2.4R, 2A, 25W, N-CH, I-PACK, LOGIC LEVEL 
IRLU211 USE IRLU210 

IRLU220 FET, 200V, 1.2R, 4A, 42W, N-CH, I-PACK, LOGIC LEVEL 
IRLU221 USE IRLU220 

IRLZ14 FET, 60V, 0.30R, 8.0A, 60W, N-CH, TO-220, LOGIC LEVEL 
IRLZ10 USE IRLZ14 

IRLZ24 FET, 60V, 0.15R, 14A, 50W, N-CH, TO-220, LOGIC LEVEL 
IRLZ20 USE IRLZ24 

IRLZ34 FET, 60V, 0.07R, 25A, 90W, N-CH, TO-220, LOGIC LEVEL 
IRLZ30 USE IRLZ34 

IRLZ44 FET, 60V, 0.04R, 35A, 150W, N-CH, TO-220, LOGIC LEVEL 
IRLZ40 USE IRLZ44 

SSP3055L FET, 60V, 0.18R, 12A, 40W, N-CH, TO-220, LOGIC LEVEL 
SSR3055L FET, 60V, 0.18R, 12A, 40W, N-CH, D-PACK, LOGIC LEVEL 
SSU3055L FET, 60V, 0.18R, 12A, 40W, N-CH, I-PACK, LOGIC LEVEL 


TR: Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 


LINEAR IC 


PART NO. DESCRIPTION PAGE 


KA2808 IC, EARTH LEAK DETECTOR, 8PDIP 

KA317 IC, VOLT-REG, ADJUSTABLE, 1.5A, TO-220 

KA319 IC, VOLT-REG, COMPARATCR, 14PDIP 

KA324D IC, QUAD OP AMP, 14PSOP, T&R 

KA324 IC, QUAD OP AMP, 14PDIP 

KA339D IC, QUAD DIFFERENTIAL COMPARATOR, 14PSOP, T&R 
KA339 IC, QUAD DIFFERENTIAL COMPARATOR, 14PDIP 
KA34063A IC, DE-TO-DC CONVERTER/CONTROLLER, 8PDIP 
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LINEAR IC (Continued) 


PART NO. DESCRIPTION PAGE 


KA3525A IC, REGULATOR PWM, 16PDIP 

KA3842/3/4/5BD IC, CURRENT MODE PWM, 8PSOP, T&R 
KA3842/3/4/5B IC, CURRENT MODE PWM, 8PDIP 

KA393D TC, DUAL DIFFERENTIAL COMPARATOR, 8PSOP, T&R 
KA393 TC, DUAL DIFFERENTIAL COMPARATOR, 8PDIP 
KA431/AD IC, VOLTAGE REFERENCE ADJUST, 8PSOP, T&R 
KA431/A IC, VOLTAGE REFERENCE ADJUST, TO-92 
KA555/ID IC, SINGLE BIPOLAR TIMER, 8PSOP, T&R 
KA555/I IS, SINGLE BIPOLAR TIMER, 8PDIP 

KA556/I IC, DUAL BIPOLAR TIMER 14PDIP 

KA558/| IC, QUAD BIPOLAR TIMER, 16DIP 

KA76L05 IC, 3T, ROW DROP-REG, TO-92 

KA7805/A/I IC, 3T, POS V-REG, 1.5A, 5V, 4%, TO-220 
KA7808/A/I IC, 3T, POS V-REG, 1.5A, 8V, 4%, TO-220 
KA7812/A/I IC, 3T, POS V-REG, 1.5A, 12V, 4%, TO-220 
KA7815/A/I IC, 3T, POS V-REG, 1.5A, 15V, 4% ,TO-220 
KA7824/A/| IC, 3T, POS V-REG, 1.5A, 24V, 4%, TO-220 
KA78LO5A IC, VOLT-REG, 100mA, +5V, 5%, TO-92 
KA78LO8A IC, VOLT-REG, 100mA, +5V, 5%, TO-92 
KA78L12A IC, VOLT-REG, 100mA, +5V, 5%, TO-92 
KA78L15A IC, VOLT-REG, 100mA, +5V, 5%, TO-92 

KA7905 IC, 3T, NEG, V-REG, 1/5A, 5V, 4%, TO-220 
KA7908 IC, 3T, NEG, V-REG, 1/5A, 5V, 4%, TO-220 
KA7912 IC, 3T, NEG, V-REG, 1/5A, 5V, 4%, TO-220 
KA7915 IC, 3T, NEG, V-REG, 1/5A, 5V, 4%, TO-220 
KA79LXXA IC, VOLT-REG, 100mA, +5V, 5%, TO-92 


TR: Transistor, LI : Linear, FET : MOSFET, MPR : Microprocessor Peripherals, T&R : Tape & Reel 
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Data Converter 


PART NO. DESCRIPTION PAGE 


KDA0458L-135 RAM DAC, 135MHZ, 8-PIN PLCC 
KDA0458L-110 RAM DAC, 110MHZ, 8-PIN PLCC 
KDA0458L-80 RAM DAC, 80MHZ, 8-PIN PLCC 
KDA0471PL-50 RAM DAC, 50MHZ, 44-PIN PLCC 
KDA0471PL-66 RAM DAC, 66MHZ, 44-PIN PLCC 
KDA0471PL-80 RAM DAC, 80MHZ, 44-PIN PLCC 
KDA0476PL-50 RAM DAC, 50MHZ, 28 PIN DIP(600MIL) 
KDA0476PL-66 RAM DAC, 66MHZ, 28 PIN DIP(600MIL) 
KDA0476PL-80 RAM DAC, 80MHZ, 28 PIN DIP(600MIL) 
KDA0476PL-50 RAM DAC, 50MHz, 32-PIN PLCC 
KDA0476PL-66 RAM DAC, 66MHz, 32-PIN PLCC 
KDA0476PL-80 RAM DAC, 80MHz, 32-PIN PLCC 
KDA0476PL-50 RAM DAC, 50MHz, 44-PIN PLCC 
KDA0476PL-66 RAM DAC, 66MHz, 44-PIN PLCC 
KDA0476PL-80 RAM DAC, 80MHz, 44-PIN PLCC 
KDA0478PL-50 RAM DAC, 50MHz, 44-PIN PLCC 
KDA0478PL-66 RAM DAC, 66MHz, 44-PIN PLCC 
KDA0478PL-80 RAM DAC, 80MHz, 44-PIN PLCC 
KDA0478PL-100 RAM DAC, 100MHz, 44-PIN PLCC 
KDA0478PL-120 RAM DAC, 120MHz, 44-PIN PLCC 
KSV3110N-8 IC, 20MHz 8-BIT VIDEO A/D AND D/A, 40PDIP 


TR: Transistor, LI : Linear, FET : MOSFET, MPR : Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 


Telecom 


KS58006 IC, TONE/PLUSE DIALER, 18DIP 78 


TR : Transistor, LI : Linear, FET : MOSFET, MPR : Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 


Audio 
KA386D IC, AUDIO AMP, 300MW, 8PSOP, T&R 734 
KA386 IC, AUDIO AMP, 6600MW, 8PDIP 734 


TR : Transistor, LI : Linear, FET : MOSFET, MPR: Microprocessor Peripherals, T&R : Tape & Reel 
* See Supplement 1 
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2N3903/3904 NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo =40V 
¢ Collector Dissipation: Pc. (max)=625mW 


TO-92 


ABSOLUTE MAXIMUM RATINGS (Tz =25°C) 


Characteristic Symbol Rating Unit 
 Collector-Base Voltage Veo 60 V 
Collector-Emitter Voltage Veo 40 | V 
Emitter-Base Voltage Veso 6 V 

_ Collector Current Ic | 200 mA 

Collector Dissipation Po 625 mW 
Junction Temperature Tj 150 °C 

| Storage Temperature Tstg -—55 ~ 150 °C 


1. Emitter 2. Base 3. Collector 


[| 


ELECTRICAL CHARACTERISTICS (Tz, =25°C) 


Characteristic 


Collector-Base Breakdown Voltage 
*Collector-Emitter Breakdown Voltage 
Emitter-Base Breakdown Voltage 
Collector Cut-off Current 
Base Cut-off Current 
*DC Current Gain 
:2N3903 
2N3904 
2N3903 
2N3904 
2N3903 
2N3904 
2N3903 
2N3904 
2N3903 
2N3904 
*Collector-Emitter Saturation Voltage 


*Base-Emitter Saturation Voltage 
Output Capacitance 


Current Gain Bandwidth Product 


-2N3903 
2N3904 
Turn On Time 
Turn Off Time 
:2N3903 


2N3904 


BVcEO 
BVeEBo 
IcEXx 
IBL 

Nre 


Vce (sat) 
Vee (sat) 
Cos 


ft 


ton 


torr 


*Pulse Test: Pulse Width<300us, Duty Cycle<2% 


Test Conditions 


Ic=10pA, IleE=O 
lc=1mA, Ip=O 
l—eE=10yA, Ic=O 
VoceE=S0V, Vep=3V 
Vce=S30V, Vep=3V 


VcE=1V, Ilc=0.1mMA 
VceE=1V, Ilc=1mA 
VceE=1V, Ilc=10mA 
VceE=1V, Ilc=50mA 
VceE=1V, Ilc=100mMA 


Ilc=10mA, Ip=1mMA 
Ic=50mA, Ip=5mA 
lc=10mA, Ilp=1mA 
lc=50mA, Ilp=5mA 
Vop=5V, Ile=0 
f=1MHz 

Vce=20V, Ilc=10MmA 
f=100MHz 


Voec=3V, Vee=0.5V 
Ilc=10mA, Ip1=1mA 
Vec=3V, Ilc=10mA 
Ig1=Ip2=1mMmA 


V 
40 V 
6 V 
50 nA 
50 nA 
20 
40 
35 
70 
50 150 
100 300 
30 
60 
15 
30 
0.2 V 
0.3 V 
0.65 0.85 V 
0.95 V 
4 pF 
250 MHz 
300 MHz 
70 ns 
ns 
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2N3903/3904 NPN EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN CURRENT GAIN-BANDWIDTH PRODUCT 


: 


PU Tt 
Se IN ITT 
eer TE NTT 
eet ATI NIT 
AU TEI TONG 
PTT TE tT 
ET TTT TNT 
lll Soe eed 
PETA TTT ET 


hee, DC CURRENT GAIN 
8 


fr (MHz), CURRENT GAIN-BANDWIDTH PRODUCT 


40 
GE 
oL_LIUMT TUT UL 
0.1 03 05 1 30 50 100 0.1 03 05 1 3 5 10 30 50 100 
Ic (mA), COLLECTOR CURRENT Ic (mA), COLLECTOR CURRENT 
BASE-EMITTER SATURATION VOLTAGE OUTPUT CAPACITANCE 


COLLECTOR-EMITTER SATURATION VOLTAGE 


Cob (pF), CAPACITANCE 


Vee (sat), Vce (sat) (V), SATURATION VOLTAGE 


0.1 03 0.5 1 3 65 10 30 50 100 


Ic (mA), COLLECTOR CURRENT Vcs (V), COLLECTOR-BASE VOLTAGE 
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2N3905/3906 PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR rs 


e Collector-Emitter Voltage: Vceo =40V TO-92 
¢ Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Tz =25°C) 


Characteristic Symbol Rating Unit 
[a 
Collector-Base Voltage Vcso —40 V 
Collector-Emitter Voltage Veo —40 V 
Emitter-Base Voltage VeBo =—5 V 
| Collector Current Ic —200 mA 
Collector Dissipation Pc —625 mw 
Junction Temperature Tj 150 °C 
_ Storage Temperature Tstg -55 ~ 150 *— 


* Refer to 2N3906 for graphs 


1. Emitter 2. Base 3. Collector 


Pe 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Collector-Base Breakdown Voltage BVcso Ilc=—10pA, lE=O V 
*Collector-Emitter Breakdown Voltage BVcEO lc=—1mA, Ip=O —40 V 
Emitter-Base Breakdown Voltage BVeBo lE=—10yA, Ic=O =6 V 
Collector Cut-off Current ICEX VceE=—30V, Vep=—3V —50 nA 
Base Cut-off Current IBL VceE=—-S30V, Vep=—-3V —50 nA 
*DC Current Gain Nee 
-2N3905 VoceE=—-1V, Ic=—O0.1mMA 30 
2N3906 60 
2N3905 VceE=—-1V, Ilc=—1MA 40 
2N3906 80 
2N3905 VoceE=—-1V, Ilc=—10mA 50 150 
2N3906 100 300 
2N3905 VoceE=—-1V, Ilc=—50mA 30 
2N3906 60 
2N3905 VoceE=—-1V, Ic=100mA 15 
2N3906 30 
*Collector-Emitter Saturation Voltage Voce (sat) | lc=—10mA, Ip=—1mA =—0.25 V 
Ic—50mA, Ip=—5mA —-0.4 V 
*Base-Emitter Saturation Voltage Vee (Sat) | lc=—10mA, Ip=—1mA =U.65 =0,.85 V 
lc=—50mA, Ilp=—5mA —0.95 V 
Output Capacitance Cos Vop=—5V, Ile=0 4.5 pF 
f= 100KHz 
Current Gain Bandwidth Product iT VoceE=—20V, Ilc=—10MmA 
:2N3905 f= 100MHz 200 MHz 
2N3906 250 MHz 
Turn On Time ton Vec=—3V, Vge=—0.5V 70 ns 
Ilc=—10mA, Ip 1=—1mA 
Turn Off Time torr Voc=—3V, Ilc=—10mA 
:2N3905 lIg1=lgp2=1-—mA 260 ns 
2N3906 


*Pulse Test: Pulse Width<300us, Duty Cycle<2% 
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2N3905/3906 PNP EPITAXIAL SILICON TRANSISTOR 


DOC CURRENT GAIN CURRENT GAIN-BANDWIDTH PRODUCT 


1. ee oo te eee 
a Se eS 


eo 3 


= ae ee a 
(i a i oe oo ee 
ae on 


hre DC CURRENT GAIN 


ft (MHz), CURRENT GAIN-BANDWIDTH PRODUCT 


-1 -3 =5 -10 -30-50 -100 -300 -1000 -01 -03-05 -1 -3 -5 -10 ~30 -50 -100 
Ic (mA), COLLECTOR CURRENT Ic (mA), COLLECTOR CURRENT 
BASE-EMITTER SATURATION VOLTAGE 


COLLECTOR-EMITTER SATURATION VOLTAGE OUTPUT CAPACITANCE 


Cob (pF), CAPACITANCE 
fp) 


[ 
| A 
ra 


-0.1 -03-05 -1 =—3 =5 =10 -30-50 -100 —1 =3 =5 -10 -20-30 -50 -100 


Ic (mA), COLLECTOR CURRENT Vce (V), COLLECTOR-BASE VOLTAGE 
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2N4400/4401 


NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo =40V 
¢ Collector Dissipation: Pc, (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (T, =25°C) 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


Collector-Base Breakdown Voltage 
| “Collector-Emitter Breakdown Voltage 


Emitter-Base Breakdown Voltage 
Collector Cut-off Current 
*DC Current Gain 
| :>2N4401 
| 2N4400 
| 2N4401 
| 2N4400 
2N4401 | 
2N4400 
| 2N4401 
| 2N4400 | 
| 2N4401 
_ *Collector-Emitter Saturation Voitage 
*Base-Emitter Saturation Voltage 
Output Capacitance 
| 
| Current Gain Bandwidth Product 
| :-2N4400 
2N4401 


Turn On Time 


Turn Off Time 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Vcso 60 V 
Collector-Emitter Voltage Veo 40 V 
Emitter-Base Voltage VeBo 6 V 
Collector Current Ic 600 mA 
Collector Dissipation Po 625 mW 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg —55~150 °C 


BVcso 
BVcEo 
BVEBO 
ICEX 
| Nre 


Vce (sat) 
| Vee (Sat) 
Ccs 


| fr 


| ton 


torr 


*Pulse Test: Pulse Width<300us, Duty Cycle<2% 


— 
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TO-92 


Ic=100pA, IlE=O 
lc=1mA, lp=O 
lE=100pA, Ic=O 
VceE=35V, Vep=0.4V 


VceE=1V, Ic=O.1MA 
VocE=1V, Ic=1MA 


VoeE=1V, Ilc=10MmA 
VoceE=1V, Ic=150mA 
VcE=2V, Ic=500MmA 


Ilc=150mA, Ilp=15mA 
Ic50mA, lIga=S5OmA 
Ilc=150mA, Ip=15mA | 
Ic=500mA, Ip=50mA | 
Vop=5V, Ile=O0 

f= 1O0MHz 
VcoeE=10V, Ic=20mMA 
f= 100MHz 


Voc=30V, Veae=2V 
Ilc=150mA, Ip1=15mA 
Voc=30V, Ilc=150mA 
lIga1=lp2=15mA 


1. 


Emitter 2. Base 3. Collector 


60 
40 
6 


200 
250 


100 


150 
300 


0.4 
0.75 
0.95 

1.2 

6.5 


35 


255 


| Characteristic Symbol Test Conditions Min Typ Max Unit 


<<< 


=| 
> 


=< <= = 


se) 
7 


MHz 
MHz 
ns 


ns 


2N4400/4401 


NPN EPITAXIAL SILICON TRANSISTOR 


Vee (sat), Vce (sat) (V), SATURATION VOLTAGE 


DC CURRENT GAIN 


Sates =e 
ITT 


1 3 °«S5 10 30 50 100 ‘300 500 1000 


Ic (mA), COLLECTOR CURRENT 


COLLECTOR-EMITTER SATURATION VOLTAGE 
BASE-EMITTER SATURATION VOLTAGE 


1 3°«5 10 300:500 1000 
ic (mA), COLLECTOR CURRENT 


CURRENT GAIN-BANDWIDTH PRODUCT 


1000, Fr 
a 


8 8 


8 


6 8 


fr (MHz), CURRENT GAIN-BANDWIDTH PRODUCT 


1 3. 4¢S5 10 30 50 100 300'500 1000 


ic (mA), COLLECTOR CURRENT 


COLLECTOR-BASE CAPACITANCE 
OUTPUT CAPACITANCE 


Ccb, Cob (pF), CAPACITANCE 


1 3. «C5 10 30 ©6550 100 300 
Vcs (V), COLLECTOR-BASE VOLTAGE 
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2N4402/4403 PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


e Collector-Emitter Voltage: Vceo =40V 
¢ Collector Dissipation: Pc. (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Cc:iector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Collector Dissipation 
Junction Temperature 
Storage Temperature 


e Refer to 2N4403 for graphs 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic Symbol Test Conditions Min Typ | Max | Unit 
Collector-Base Breakdown Voltage Ic=— 100,A, IE=O V 
*Collector-Emitter Breakdown Voltage BVcEo lc=—1mA, Igp=O —40 V 
Emitter-Base Breakdown Voltage BVEBo lE=—100,A, Ic=0 =) V 
Collector Cut-off Current IcEX VceE=—35V, Vep=—0.4V —100 nA 
Base Cut-off Current IBEV VceE=—-35V, VEB=-—0.4V =T00 nA 
*DC Current Gain NFE 
:2N4403 VceE=—-1V, Ilc=—0.1mA 30 
2N4402 VceE=—-1V, Ilc=—1mA 30 
2N4403 60 
2N4402 VceE=—-1V, Ilc=—10mA 50 
2N4403 100 
2N4402 *Voce=—2V, Ic=—150MmA 50 150 
2N4403 100 300 
2N4402/2N4403 *Voe=—2V, Ilc=—500mA 20 
*Collector-Emitter Saturation Voltage Voe (sat) | lc=—150mA, Ip=—-15mA —0.4 V 
Ic—500mA, Ilg=—50mA =~0.75 V 
*Base-Emitter Saturation Voltage Vee (Sat) | lc=—150mA, Ip=—15mA —0.75 =—0.95 V 
lc=—500mA, Ilp=—50mA = 1.3 V 
Collector-Base Capacitance Cop Vop=—10V, le=0, f=140KHz 8.5 | pF 
Current Gain Bandwidth Product ir VceE=—10V, Ilc=—20mA 
:2N4402 f= 100MHz 150 MHz 
2N4403 200 MHz 
Turn On Time ton Vec=—S30V, Veae=-—2V 35 ns 
Ic=—150mA, Ip 1=—-15mA 
Turn Off Time torr Voc=—30V, Ilc=—-150mA 
lIp1=lp2=—15mA 


*Pulse Test: Pulse Width<300us, Duty Cycle<x2% 


peesinad 


ELECTRONICS 


35 


2N4402/4403 


PNP EPITAXIAL SILICON TRANSISTOR 
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BASE-EMITTER ON VOLTAGE 
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2N5086/5087 PNP EPITAXIAL SILICON TRANSISTOR 


AMPLIFIER TRANSISTOR aia enaiA 


° Collector-Emitter Voltage: Vceo =50V TO-92 
¢ Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Vso —50 V 
Collector-Emitter Voltage Veo —50_ . V 
Emitter-Base Voltage Veso —3 V 
Collector Current Ic —50 mA 
Collector Dissipation Po —625 mw 
Junction Temperature Tj 150 a * 
Storage Temperature Tstg -55 ~ 150 °C 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic Test Conditions 
Collector-Base Breakdown Voltage Ilc=—100,A, leE=0O 
*Collector-Emitter Breakdown Voltage BVcEO lc=—1mA, Ip=O V 
Collector Cut-off Current IcBo Vop=—10V, le=O —-10 nA 
Vep=—S5V, le=0 —50 nA 
Base Cut-off Current lEBO VepeE=—3V, Ic=O0 —50 nA 
DC Current Gain Nee 
:2N5086 VceE=—5V, Ilo=—100yNA 150 500 
2N5087 250 800 
2N5086 Vce=—5V, Ilo=—1MA 150 
2N5087 259 
2N5086 *Voce=—5V, Ilc=—-10MmA 150 
2N5087 250 
Collector-Emitter Saturation Voltage Vce (sat) | lc=—10mA, Ip=—1mA -0.3 V 
Base-Emitter On Voltage Vee (on) | Ilc=—1mA, VceE=—5V —0.85 V 
Collector-Base Capacitance Coca Vop=—5V, le=0 4 pF 
| f= 100KHz 
| Current Gain bandwidth Product fr Voe=—- 5V, Ic=—500uA 40 MHz 
| f= 20MHz 
Noise Figures Ne Vce=—5V, Ilo=—20uA 
Rs=10K0 
f=10Hz to 15.7KHz 
2N5086 3} dB 
2N5087 . 2; dB 
Voce=—5V, Ilo=—100uA 
Rs=3K0Q), f=1KHz 
2N5086 3 dB 
2N5087 


“Pulse Test: Pulse Width<300us, Duty Cycle<x2% 
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2N5088/5089 NPN EPITAXIAL SILICON TRANSISTOR 


AMPLIFIER TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo = 2N5088: 30V 
2N5089: 25V 
e Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


| Characteristic _ Symbol Rating —_—-Unit 
Collector-Base Voltage :2N5088 VcBo | | 
| 2N5089 30 Vi 
Collector-Emitter Voltage :2N5088 VcEO 30 V 
2N5089 20 V 
| Emitter-Base Voltage VEBO 4.5 V 
_ Collector Current lc 50 | mA 
_ Collector Dissipation Po | 625 mW 
| Junction Temperature Ty | 150 aC 
Storage Temperature TstcG —55~¢150 | °C 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic Test Conditions 
“Collector-Base Breakdown Voltage Ic=100pA, leE=O 
‘2N5088 35 V 
2N5089 30 V 
~ *Collector-Emitter Breakdown Voltage BVcEo Ilc=1mA, Ilp=O 
>2N5088 30 V 
2N5089 Zo V 
Collector Cut-off Current IcBo 
2N5088 Vop=20V, Ile=O 50 nA 
2N5089 Vop=15V, le=O 50 nA 
Base Cut-off Current lEBo VeE=3V, Ic=O0 50 nA 
| VepeE=4.5V, Ic=O 100 nA 
DC Current Gain Nre | 
-2N5088 Vcee=5V, Ilo=100nA 300 | | 900 
2N5089 400 1,200 
2N5088 VceE=5V, Ic=1mMA 350 
2N5089 450 
2N5088 *VoeE=5V, Ilc=10MA 300 
ZN5089 400 : 
| Collector-Emitter Saturation Voltage Voce (sat) Ilc=10mA, Ip=imA 0.5 V 
*Base-Emitter Saturation Voltage Vee (on) Ilc=10mA, VceE=5V 0.8 V 
Collector-Base Capacitance Ccp Vop=5V, Ile=O0 4 pF 
f=100KHz 
Current Gain Bandwidth Product fr VceE=5V, Ic=500pA 50 MHz 
f =20MHz 
Noise Figure Ne VcE=5V, Ilc=100"A | 
Rs=10KQ 
f=10Hz to 15.7KHz 
>2N5088 
2N5089 


“Pulse Test: Pulse Width<300us, Duty Cycle<2% 
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ELECTRONICS 


2N5551 NPN EPITAXIAL SILICON TRANSISTOR 


AMPLIFIER TRANSISTOR | 7 


¢ Collector-Emitter Voltage: Vceo =160V TO-92 
e Collector Dissipation: Pc(max)=625mW | 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Vso 180 V 
Collector-Emitter Voltage Veo 160 V 
Emitter-Base Voltage VeBo 6 V 
Collector Current lc 600 | mA 
Collector Dissipation Pc 625 _ mW 
Junction Temperature Tj 150 |; °C 
Storage Temperature Tstg -55~150 | % 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector-Base Breakdown Voltage BV cso Ic =100,A, le =0 180 V 
*Collector-Emitter Breakdown Voltage | BVceo lc=1mA, Ig =0 160 V 
Emitter-Base Breakdown Voltage BVeso le =10yA, Ic =0 6 V 
_ Collector Cut-off Current IcBo Voce =120V, le =0 50 nA 
Emitter Cut-off Current lego Vee =4V, Ic =0 50 nA 
*DC Current Gain Nre lo =1MA, Voce =5V 80 
Ic =10mA, Voce =5V 80 250 
| Io =50mA, Voce =5V 30 
*Collector-Emitter Saturation Voltage Vce (Sat) lc=10mA, Ip =1mA 0.15 V 
| lc =50mA, Ig =5mA 0.2 V 
'*Base-Emitter Saturation Voltage Vee (Sat) lc =10MA, Ip =1mMA 1 V 
Ic =50mA, Ip =5mA 1 V 
| Current Gain Bandwidth Product fr Ic =10MA, Vce =10V 100 300 MHz 
f=100MHz | 
_ Output Capacitance Cob Vg =10V, le =0 6 pF 
| f=1MHz | | 
_ Noise Figure NE lo =250pA, Voce =5V 8 dB 
| | Rs =1K0 | | 
| f=10Hz to 15.7KHz 


*Pulse Test: Pulse Width=300uS, Duty Cycle=2% 
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2N6515 


NPN EPITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


e Collector-Emitter Voltage: Vceo =250V 
¢ Collector Dissipation: P-: (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 


Collector Dissipation 
wunction Temperature 
_ storage Temperature 


Vso 
VceEo 
VeBo 
Ic 

Pc 
i 
Tstg 


250 V 
250 V 
6 V 
500 mA 
625 mW 
150 a 
-—55 ~ 150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


TO-92 


1. Emitter 2. Base 3. Collector 


Se ee ee ee 


— 


Characteristic Symbol Test Conditions Min Typ Max Unit 
Sa eS en en Pn 
*Collector-Emitter Breakdown Voltage | BVceo Ic=1mA, Ip =0 250 V 
Collector-Base Breakdown Voltage BV cso lc =100,A, le =0 250 V 
Emitter-Base Breakdown Voltage BVeEBo le =10pA, Ic =0 6 V 
Collector Cut-off Current IcBo Voce =150V, Ie =0 50 nA 
Emitter Cut-off Current leso Vee =5V, Ic =0 50 nA 
*DC Current Gain Nee Ilc=1MA, Voce =10V 35 
lc =10mA, Voce =10V 50 
| I¢=30mMA, Vce = 10V 50 300 
lc =50MA, Voce =10V 45 220 
lc =100MA, Vce =10V 25 
Collector-Emitter Saturation Voltage Vce (sat) Ic =10mA, Ig=1mA 0.3 V 
| I¢ =20mA, Ip =2mMA 0.35 V 
| Ic =30mA, Ig =3mA 0.5 V 
lc =50mA, Is =5mA 1 V 
Base-Emitter Saturation Voltage Vee (Sat) lc =10mMA, Ig =1MA 0.75 V 
lc =20mA, lg =2mA 0.85 V 
lc =30mA, Ig =3mA 0.9 V 
_ Collector-Base Capacitance Ccb Ve =20V, Ie =0 6 pF 
f=1MHz 
*Current Gain Bandwidth Product fy lc =10MA, Vce =20V 40 200 | MHz 
f=20MHz 
Base Emitter On Voltage Vee (on) lc =100mA, Voce =10V 2 V 
*Pulse Test: Pulse Width=300uS, Duty Cycle=2% 
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2N6515 NPN EPITAXIAL SILICON TRANSISTOR 
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KSP05/06 NPN EPITAXIAL SILICON TRANSISTOR 
AMPLIFIER TRANSISTOR 
e Collector-Emitter Voltage: Vceo = KSP05: 60V 


KSPO6: 80V 
¢ Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Tz =25°C) 


Characteristic 


Collector Base Voltage 
KSP05 
KSP06 
Collector-Emitter Voltage Vceo 
KSP05 
KSP06 
Emitter-Base Voltage 
Collector Current 
Collector Dissipation 
Junction Temperature 
Storage Temperature 


— 55 ~ 150 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic 


*Collector-Emitter Breakdown Voltage 
KSP05 
KSP06 
Emitter-Base Breakdown Voltage 
Collector Cut-off Current 
KSP05 
KSP06 
Collector Cut-off Current 
DC Current Gain 


Collector-Emitter Saturation Voltage 


Base-Emitter On Voltage 
Current Gain Bandwidth Product 


* Pulse Test: PW = 300us, Duty Cycle = 2% 


lc=1mA, Ig=0 


le=100pA, Ic =0 


Voce = 60V, le=0 
Voce = 80V, le=0 
Voce = 60V, lp =OV 
Voce = 1V, Ic= 10mA 
VceE= 1V, lc=100mMA 
lc = 100mA, Ip= 10mA 
VceE= 1V, lc = 100mMA 
Vce= 2V, lc=10MA 

f = 100MHz 
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KSP05/06 NPN EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN BASE-EMITTER ON VOLTAGE 
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ELECTRONICS 


KSP10/11 NPN EPITAXIAL SILICON TRANSISTOR 


VHF/UHF TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Collector-Base Voltage V 
Collector-Emitter Voltage VceEo 25 V 
Emitter-Base Voltage VeBo ot V 
Collector Dissipation (T,z=25°C) Po 350 mW 
Derate above 25°C 2.8 | mW/°C 
Collector Dissipation (Tc=25°C) Po 1.0 W 
Derate above 25°C 8.0 mW/°C 
Junction Temperature Tj 150 °C 
Storage Temperature Tstg ~§574150 °C 


125 
357 


Thermal Resistance, Junction to Case} Rth(j-c) 
Thermal Resistance, Junction to Ambient) Rth(j-a) 


1. Base 2. Emitter 3. Collector 


Collector-Base Breakdown Voltage BV cro lc=100pyA, Ie=O V 
Collector-Emitter Breakdown Voltage BV cro lc=1mA, lgp=O V 
Emitter-Base Breakdown Voltage BVego le=10pA, Ic=O V 
Collector Cutoff Current IcBo Vop=25V, Ie=O 100 nA 
Emitter Cutoff Current leso Vep=2V, Ic=O0 100 nA 
DC Current Gain Nee Vce=10V, Ilce=4mA 60 
Collector Emitter Saturation Voltage Voce (Sat) Ilc=4mA, |lp=0.4mA 0.5 V 
Base-Emitter On Voltage Vce=10V, lc=4mA 0.95 V 
Current Gain Bandwidth Product Vce=10V, Ilc=4mA, f=100MHz MHz 
Collector Base Capacitance Vcp=10V, le=O, f=1MHz 0.7 pF 
Collector Base Feedback Capacitance Vep=10V, le=O0, f=1MHz 

KSP10 0.65 pF 

KSP11 0.9 pF 
Collector Base Time Constant Vcp=10V, Ilc=4mA, f=31.8MHz 9.0 ps 
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KSP10/11 NPN EPITAXIAL SILICON TRANSISTOR | 


COMMON-BASE y PARAMETERS vs FREQUENCY 
(Vcp=10V, Ic=4mA, Ta=25°C) 
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NPN EPITAXIAL 
KSP13/14 SILICON DARLINGTON TRANSISTOR 


DARLINGTON TRANSISTOR 


¢ Collector-Emitter Voltage: Vces =30V 
¢ Collector Dissipation: Pc, (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Collector-Base Voltage Vso 30 V 
Coltlector-Emitter Voltage Voces 30 V 
Emitter-Base Voltage VeBo 10 V 
Collector Current lo 500 mA 
Collector Dissipation Po 625 

Junction Temperature Tj 150 

Storage Temperature Tstg -55~ 150 


1. Emitter 2. Base 3. Collector 


Characteristic 


Collector-Emitter Breakdown Voltage 
Collector Cut-off Current 


Ilc=100pA, Ip=O 
Vcop=S30V, Ile=0 


Emitter Cut-off Current lEBO VeeE=10V, Ic=0 100 nA 
*DC Current Gain Nee 
KSP13 VcE=5V, Ic=10mA 5,000 
KSP14 10,000 
KSP13 VoeE=5V, Ilc=100MmA 10,000 
KSP14 20,000 
*Collector-Emitter Saturation Voltage Voce (Sat) | Ic=100mA, Igp=0O.1mA 1.5 V 
*Base-Emitter On Voltage Vee (on) VceE=5V, Ilc=100mA V 
Current Gain Bandwidth Product fr VceE=5V, Ilc=10mA MH 


f=100MHz 


“Pulse Test: Pulse Width=300us, Duty Cycle=2% 
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NPN EPITAXIAL 
KSP13/14 SILICON DARLINGTON TRANSISTOR 
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ELECTRONICS 


KSP2222A NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo =40V 
e Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 


Emitter-Base Voltage Veso 
Collector Current Ic 600 
Collector Dissipation Pc 625 


Junction Temperature 
Storage Temperature 


150 
-—55 ~ 150 


e Reter to. KSP2222 for graphs 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


TO-92 


1. Emitter 2. Base 3. Collector 


= sme [ wetcnons | we |r | a | 
Collector-Base Breakdown Voltage BV cso Ic =10,A, l_e =0 75 V 
Collector-Emitter Breakdown Voltage | BVceo lc=10mA, Ip =0 40 V 
Emitter-Base Breakdown Voltage BVeso le =10,A, Ic =0 6 V 
Collector Cut-off Current lcBo Vee =60V, l_e =0 0.01 pA 
Emitter Cutoff Current leBo Ves =3V, Ic =0 10 nA 
DC Current Gain Nee Ic =0.1MA, Voce =10V 35 
Ic =1mA, Voce =10V 50 
lc=10mA, Voce =10V 75 
"Io =150mA, Voce =10V 100 300 
*Io =500MA, Vce =10V 40 
“Collector-Emitter Saturation Voltage Voce (sat) Ic =150mA, Ip =15mMA 0.3 V 
Ic =500mA, Ip =50MA 1 V 
*Base-Emitter Saturation Voltage Vee (Sat) Ic =150mA, Ip =15mMA 0.6 1.2 V 
lc =500mA, Ip =50mA 2 V 
Current Gain Bandwidth Product fr lc =20MA, Vce =20V 300 MHz 
f=100MHz 
Output Capacitance Cob Vcp =10V, le =0, f=1MHz 8 pF 
Turn On Time ton Voc =30V, Ic =150MA 35 ns 
la: =15mA, Vee (off)=0.5V 
Turn Off Time toff Voc =30V, Ic =150MA 285 ns 
lai =lp2 =15MA 
Noise Figure NF Ic =100pA, Vee =10V 4 dB 
Rs =1KQ, f=1KHz 
* Pulse Test: Pulse Width= 300us, Duty Cycle = 2% 
Also available as a PN2222A 
be 
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ELECTRONICS 


NPN EPITAXIAL 


KSP25/26/27 SILICON DARLINGTON TRANSISTOR 
DARLINGTON TRANSISTOR sy 
e Collector-Emitter Voltage: Vces = KSP25: 40V 

KSP26: 50V 

KSP27: 60V 


¢ Collector Dissipation: Pc, (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Collector Base Voltage 
KSP25 
KSP26 
KSP27 

Emitter-Base Voltage 


Collector Current 

Collector Dissipation 
Junction Temperature 
Storage Temperature 


1. Emitter 2. Base 3. Collector 


Characteristic 


Collector-Base Breakdown Voltage Ic= 100A, le=0 
KSP25 
KSP26 
KSP27 
Collector-Base Breakdown Voltage lc = 100pA, Ie =0 
KSP25 
KSP26 
KSP27 
Collector Cut-off Current 
KSP25 Voce = 30V, le =0 
KSP26 Voce = 40V, le =0 
KSP27 Voce = 5OV, Ie =0 
Emitter Cut-off Current Voce = 10V, Ip =0 
*DC Current Gain Voce = 5V, lo =10MA 
Voce = 5V, Ic = 100mA 
*Collector-Emitter Saturation Voltage lc= 100mA, Ig =0.1MA 
*Base-Emitter On Voltage Voce = 5V, Ic = 100MA 


* Pulse Test: PW = 300us, Duty Cycle=2% 
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KSP2907A PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISITOR 


¢ Collector-Emitter Voltage: Vceo =60V 
¢ Collector Dissipation: Pc, (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Tz =25°C) 


Symbol Rating cr 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Collector Dissipation 
Junction Temperature 
Storage Temperature 


e Refer to KSP2907 for graphs 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Collector-Base Breakdown Voltage BVcBo Ic=—10pA, IleE=O0 


*Collector-Emitter Breakdown Voltage | BVceo lc=—10mA, Ilp=O 
Emitter-Base Breakdown Voltage BVeEBo leE=—10yA, Ic=O —5 V 
Collector Cut-off Current IcBo Vocp=—50V, Ie=0 —-10/ nA 
DC Current Gain Nee Ilc=—0.1mMA, Vce=—10V 75 
lc=—1mMA, VceE=—10V 100 
Ic=—10mA, VceE=—10V 100 
*Ilc=—150mA, Vce=—10V 100 | 300 
*Ic=—500mA, VceE=—10V 50 
*Collector-Emitter Saturation Voltage Vce(sat) | lo=—150mA, lp=—15mA —(.4 V 
| lc=—500mA, Ilgp=—50mA —1.6 V 
*Base-Emitter Saturation Voltage Vee(sat) | lc=—150mA, Ip=—15mA -1.3 V 
Ilc=—500mA, Ilp=—50mA —2.6 V 
Output Capacitance Cob Vcop=-—10V, IlE=0 8 pF 
f=1MHz | 
*Current Gain Bandwidth Product iy Ic=—50mA, VceE=—20V 200 MHz 
f= 100MHz 
Turn On Time ton Vec=—30V, Ilc=—-150mA 45 ns 
Ip4 =—-15mA 
Turn Off Time toff Vec=—6V, Ilc=—150mA 100 ns 
lIsi=lpo=—15mA 
eee ra ee ee ES Se NO Le 


*Pulse Test: Pulse Width=300us, Duty Cycle=2% 
Also available as a PN2907A 
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ELECTRONICS 


KSP42/43 NPN EPITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo = KSP42: 300V 
KSP43: 200V 
¢ Collector Dissipation: P, (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta=25°C) 


ac 


Collector-Base Voltage 
KSP42 300 
KSP43 200 


Collector-Emitter Voltage 


KSP42 300 

KSP43 200 
Emitter-Base Voltage 6 
Collector Current 500 
Collector Dissipation 625 
Junction Temperature 150 
Storage Temperature —55~150 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


erence | Samet [Test Goan | an | oa | vt | 
Collector-Base Breakdown Voltage BV cso lc= 100A, Ip =0 | 
KSP42 300 V 
KSP43 200 V 
*Collector-Emitter Breakdown Voltage BV ceo lc=1mA, Ig=0 
KSP42 300 V 
KSP43 200 V 
Emitter-Base Breakdown Voltage BVeso le= 100nA, Ic =0 6 V | 
Collector Cut-off Current IcBo | 
KSP42 Vcsp = 200V, Ie=0 100 nA 
KSP43 Voce = 160V, Ie=0 100 nA | 
Emitter Cut-off Current leBo | 
KSP42 Vee = BV, Ic =0 100 nA | 
KSP43 Vee = 4V, Ic =0 100 nA | 
*DC Current Gain Nee Voe= 10V, Ilo=1mMA 25 | 
Voe = 10V, Ic =10mA 40 
Voce = 10V, Ilo =30mMA 40 
*Collector-Emitter Saturation Voltage Voce(Sat) lc =20mA, Ilgp=2mA 0.5 V 
*Base-Emitter Saturation Voltage Vee(Sat) lc = 20mMA, Ig =2mA 0.9 V 
Collector-Base Capacitance Cos Veep = 20V, Ie=0 
KSP42 f = 1MHz 3 pF 
KSP43 4 pF 
Current Gain Bandwidth Product fr Voce = 20V, Ic =10MA 50 MHz 
f = 100MHz 


* Pulse Test: PW=300us, Duty Cycle=2% 
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KSP42/43 NPN EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN CURRENT GAIN-BANDWIDTH PRODUCT 


ll LTT 
|| veex20y| || me Gti) 
Ao ST 
| oT TT 
PT TT 
eh ZN 
i 
260 
PTA ET 
LAWL PE 
ee 
ee 
LT ETT PTT] 


1 3 5 10 30 8650 100 
Ic (mA), COLLECTOR CURRENT Ic (mA), COLLECTOR CURRENT 


COLLECTOR-EMITTER SATURATION VOLTAGE 
BASE-EMITTER SATURATION VOLTAGE COLLECTOR-BASE CAPACITANCE 


sees ae 

Baeg 

} ae. 'e 
+—+—+-++} + 


hre, DC CURRENT GAIN 


ft (MHz), CURRENT GAIN-BANDWIDTH PRODUCT 


6 GE GE GS ae ase ses Ss———-— = =— 
Tw aE ee ———e——e—ee eee 


Ccb (pF), CAPACITANCE 


Co Se 
OL a 
Sl 


——— 
0.05 pe a 


ee so ro 
has ae 


5 300 0.1 03 0.5 1 3. «5 10 30 50 100 


Ic (mA), COLLECTOR CURRENT Vcs (V), COLLECTOR-BASE VOLTAGE 


Vce (sat), Vee (sat) (V), SATURATION VOLTAGE 


0.01 


57 


prensanag 


ELECTRONICS 


KSP44/45 NPN EXITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


e Collector-Emitter Voltage: Vceo = KSP44: 400V 
KSP45: 350V 


e Collector Dissipation: Pc(max)= 625mW 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Collector-Base Voltage 
KSP44 500 V 
KSP45 400 V 
Collector-Emitter Voltage VcEO 
KSP44 400 V 
KSP45 350 V 
Emitter-Base Voltage VEBO 6 V 
Collector Current Ic 300 mA 
Collector Dissipation (Ta=25°C) Pc 625 mW 1. Emitter 2. Base 3. Collector 
Collector Dissipation (Tc=25°C) Po 1.0 W 
Junction Temperature | Ty 150 
Storage Temeprature —5571 50 


Collector-Base Breakdown Voltage lc =100pA, Ip =0 
KSP44 
KSP45 
*Collector-Emitter Breakdown Voltage lc=1mA, Ig=0 
KSP44 
KSP45 
Emitter-Base Breakdown Voltage le=100yA, Ic =0 
Collector Cut-off Current 
KSP44 Vcp= 400V, le =O 
KSP45 Vce = 320V, Ile =0 
Collector Cut-off Current 
KSP44 Voce = 400V, Ip =0 
KSP45 Vce = 320V, Ip =0 
Emitter Cut-off Current Veg = 4V, Ic =0 
*DC Current Gain Vce= 10V, Ilo =1MmA 
VceE= 10V, Ic= 10mA 
Voce = 10V, Ie =50mA 
Voce = 10V, lo = 100mA 
*Collector-Emitter Saturation Voltage Vce(Ssat) lc=1MA, lg=0.1MA 
c= 10mA, lg=1mA 
lc =50mA, lg =5mA 
*Base-Emitter Saturation Voltage Vee(Sat) | Ic=10mA, ls=1MmA 
Output Capacitance Cos Vcop = 20V, Ie =0 
f = 1MHz 


* Pulse Test: PW= 300us, Duty Cycle=2% 
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ELECTRONICS 


KSP55/56 PNP EPITAXIAL SILICON TRANSISTOR 


AMPLIFIER TRANSISTOR I 
¢ Collector-Emitter Voltage: Vceo = KSP55: 60V TO-92 
KSP56: 80V 


¢ Collector Dissipation: Pc (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic 
Collector-Base Voltage 
KSP55 
| KSP56 =—80 V 
Collector-Emitter Voltage VcEO 
KSP55 —60 V 
KSP56 —80 V 
Emitter-Base Voltage VeEBO —4 V 
Collector Current Ic =—500 mA 
Collector Dissipation Pc 625 mW 
Junction Temperature Ty 150 7¢ 1. Emitter 2. Base 3. Collector 
Storage Temperature TstaG —5§5~150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) 


Characteristic 
*Collector-Emitter Breakdown Voltage BVcEO Ilc=—1mA, Ilp=O 

KSP55 

KSP56 —680 
Emitter-Base Breakdown Voltage BVeBo lE=—100pA, Ic=0O —4 V 
Collector Cut-off Current IcBo 

KSP55 Vop=—60V, IleE=0 —0.1 uA 

KSP56 Vcp=—80V, Ie=0 —0.1 uA 
Collector Cut-off Current IcEO VceE=—60V, Ip=O —0.1 uA 
DC Current Gain Nee VoceE=—-1V, Ilc=—10mMA 50 

VoceE=—-1V, Ic=—100mA 50 
Collector-Emitter Saturation Voltage Vce (Sat) | Ilc=—100mA, Ip=—-10mA —0.25 V 
Base-Emitter On Voltage Vee (on) VceE=—-1V, Ilc=—100mA —1.2 V 
Current Gain Bandwidth Product fr VoceE=—2V, Ic=—10MA 50 MHz 
| f=100MHz 


ee ee ee ee ee 
*Pulse Test: PW=300us, Duty Cycle=2% 
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PNP EPITAXIAL SILICON TRANSISTOR 


KSP92/93 PNP EPITAXIAL SILICON TRANSISTOR 
HIGH VOLTAGE TRANSISTOR — 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol Rating Unit | 
Collector-Base Voltage : KSP92 Vso —300 V 
: KSP93 —200 V 
Collector-Emitter Voltage: KSP92 Veceo —300 V 
: KSP93 —200 V 
Emitter-Base Voltage VeBo =f V 
Collector Current Ic —500 mA 
Collector Dissipation (T,=25°C) Pc 625 mW 
Derate above 25°C 5 mW/°C 
Collector Dissipation (T,=25°C) Po 1.5 W 
Derate above 25°C 12 mW/°C 
Junction Temperature Tj 150 °C 1. Emitter 2. Base 3. Collector 
Storage Temperature Tstg —§5150 °C 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Collector-Base Breakdown Voltage BV cso Ilc= — 100A, Ie=0 
KSP92 
KSP93 
*Collector-Emitter Breakdown Voltage 
KSP92 
KSP93 
BVepo 
IcBo 
KSP92 
KSP93 
leBo 
Are 


BVceo lc= - imA, lp =0 


Emitter-Base Breakdown Voltage le= — 100pA, Ic =0 

Collector Cut-off Current 

Vcp= —200V, Ie=0 

Vos = — 160V, le=0 

Ves= — 3V, Ic =0 

Vce= — 10V, l= —1mMA 

Voce = — 10V, lc= —10MA 

Voce= — 10V, lo= — 30mA 

lc= — 20mA, Ip = —2mMmA © 

io= — 20mA, lg= —2mA 

Voe= — 20V, Ic= —10mA 
= 100MHz 


Emitter Cut-off Current 
*DC Current Gain 


Vce(Sat) 
Vee(Sat) 


*Collector-Emitter Saturation Voltage 
*Base-Emitter Saturation Voltage 
Current Gain Bandwidth Product fr 


Collector Base Capacitance Cos 
Vcp= —20V, Ile=0 


f= 1MHz 


* Pulse Test: PW =300us, Duty Cycle=2% 
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KSP92/93 PNP EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN SATURATION VOLTAGES 
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ELECTRONICS 


KST10 NPN EPITAXIAL SILICON TRANSISTOR 


VHF/UHF TRANSISTOR 


SOT-23 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic 


Collector-Base Voltage Vso 30 V 
Collector-Emitter Voltage Voeo 25 V 
Emitter-Base Voltage VeBo 3 V 
Collector Dissipation Po 350 mW 
Storage Temperature Tstg 150 ad © 


Thermal Resistance Junction to Ambient Rth(j-a) 357 °C/W 


e Refer to KSP10/11 for graphs 


1. Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Characteristic Test Condition 
Collector-Base Breakdown Voltage BV cso lc=100,A, IE=O 30 V 
Collector-Emitter Breakdown Voltage BV ceo lc=1mA, lgp=O 25 V 
Emitter-Base Breakdown Voltage BVego le=10pA, Ic=0O 3 V 
Collector Cutoff Current lcBo Vep=25V, Ie=O 100 nA 
Emitter Cutoff Current leBo Vpe=2V, Io=0 100 nA 
DC Current Gain Nee Vce=10V, Ic=4mA 60 
Collector-Emitter Saturation Voltage Vce (sat) lc=4mA, lg=0.4mA 0.5 V 
Base-Emitter On Voltage Vee Voce=10V, Ilc=4mA 0.95 V 
Current Gain-Bandwidth Product fr Vce=10V, Ilc=4mA, f=100MHz 650 MHz 
Collector-Base Capacitance Ccb Vop=10V, le=O, f=1MHz 0.7 pF 
Common-Base Feedback Capacitance | Crb | Vop=10V, Ie=O, f=1MHz -| 0,65 pF 
Collector Base Time Constant Cc :rbb’ Vop=10V, Ilc=4mA, f=31.8MHz 9 ps 
Marking 
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ta 


ELECTRONICS 


KST2222A NPN EPITAXIAL SILICON TRANSISTOR 


GENER“... PURPOSE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic | Symbol Rating Unit 
ee ee oo 
Collector-Base Voltage Vso 75 V 
Collector-Emitter Voltage VceEo 40 (ov 
Emitter-Base Voltage VeBo 6 V 
Collector Current Ic 600 mA 
Collector Dissipation Po 350 | mW | 
Storage Temperature Tstg | 150 °C 


¢ Refer to KST2907 for graphs 


Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Characteristic Symbo! Test Condition Min Max Unit 
Collector-Base Breakdown Voltage BV cso | lc=10pA, Ie=O | 75 | V 
| Collector-Emitter Breakdown Voltage | BVceo lc=10mA, Is=O 40 V 
_ Emitter-Base Breakdown Voltage BVezo l=10pA, Ic=0 6 V 
Collector Cutoff Current leno Vcp=60V, Ie=O 0.01 uA 
-*DC Current Gain Nee | Vee=10V, Ic=0.1MA 35 
| Vce=10V, lc=1mA 50 
Vce=10V, lc=10mA rS 
Voe=10V, lc=150mA 100 | 300 
Vce=10V, lc=500mA 40 
'*Collector-Emitter Saturation Voltage Vce (Sat) | lc=150mA, lga=15mA 0.3 V 
| lc=500mA, Ilg=50mA 1.0 V 
'*Base-Emitter Saturation Voltage Vee (Sat) | Ic=150mA, lg=15mA | 0.6 12 V 
| l-=500mA, le=50mA 2.0 V 
Current Gain-Bandwidth Product fy lb=20mMA, Vce=20V 300 MHz 
f= 10O0MHz 
Collector-Base Capacitance Cob Vcp=10V, Ie=O | 8 pF 
f=1MHz | | 
Noise Figure NF lc=100yA, Vce=10V 4 4 dB 
Rs=1KQ, f=1KHz 
Turn On Time ton Vec=30V, Ilc=150MA 35 ns 
Vee=O0.5V, Ip: =15mA 
Turn Off Time tott Vec=30V, lc=150mA 285 ns 
lai =lg2=15mMA 


*Pulse test: Pulse Width=300us, Duty Cycle=2% 


<> 


ELECTRONICS 


KST2484 


NPN EPITAXIAL SILICON TRANSISTOR 


LOW NOISE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Vso 60 V 
_ Collector-Emitter Voltage VoEo 60 V 
Emitter-Base Voltage VeBo 6 V 
Collector Current Ic 50 mA 
Collector Dissipation Pc 350 mW 
Storage Temperature Tstg 150 "G 


e Refer to KST5088 for graphs 


. Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Ife mn ee ee en a a ee eT 
Characteristic Symbol Test Condition | Min Max Unit 

I oe i i iqwq—e_—_ au 4 

| Collector-Base Breakdown Voltage BV cpgo Ilc=10yA, le=O 60 V 
Collector-Emitter Breakdown Voltage | BVceo lc=10mA, lp=O 60 V 

| Emitter-Base Breakdown Voltage BVego lE=10pA, Ic=O 5 V 
Collector Cutoff Current IcBo Vop=45V, IE=O0 10 nA 

| Emitter Cutoff Current leso Vep=5V, I-=0 10 nA 

| DC Current Gain Nre Vce=5V. Ic=1mMmA 250 

| Vce=5V, Ic=1UMmA 800 
Collector-Emitter Saturation Voltage Voce (Sat) | IL=1mA, ls=O.1mMA 0.35 V 

_ Base-Emitter On Voltage Vee (On) lo=1mA, Vce=5V 0.95 V 

| Output Capacitance Cob Vop=5.0V, IE=O 6 pF 

| f=1MHz, 

| Noise Figure NF Ilc=10pA, Vce=5V 3 dB 

| Rs=10KQ, f=1KHz 


Marking 
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ELECTRONICS 


KST2907A PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic | Symbol Rating | Unit 
| | | 
Collector-Base Voltage Veen | -60 | V 
Collector-Emitter Voltage VocEo —60 ov 
_ Emitter-Base Voltage VeEBo | -—5 | V 
Collector Current lc =600 — mA 
Collector Dissipation Po 350 — mw 
_ Storage Temperature Tstg 150 | °C 


e Refer to KST2907 for graphs 


1. Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Characterstic Test Condition 
Collector-Base Breakdown Voltage Ic=—10pA, lE=O V 
*Collector-Emitter Breakdown Voltage Ic=—10mA, Ip=O V 
Emitter-Base Breakdown Voltage BVeEBO lE=—10,A, Ic=O 5 V 
Collector Cutoff Current ICBO Vcop=—5O0V, le=O =U.01 pA 
DC Current Gain Nee Voce=—10V, leE=—O0.1mMA 75 
VcE=—10V, Ilc=—1.0MA 100 
VceE=—10V, Ilc=—-—10mA 100 
*VoeE=—10V, Ic=—150mA 100 300 
*Vce=—10V, Ilc=—500mA | 50 
*Collector-Emitter Saturation Voltage Vce(sat) Ilc=—150mA, Ilp=—15mA =0,4 V 
lc=—500mA, Ip=—50mA —1.6 V 
*Base-Emitter Saturation Voltage Vpe(sat) Ilc=—150mA, Ip=—15mA ool | V 
Ic=—500mA, Ilp=—50mA —2.6 V 
Current Gain-Bandwidth Product ir lc=—50mA, Vce=—20V 200 MHz 
f= 100MHz 
Output Capacitance Cob Vocp=—10V, IE=0O 8 pF 
f=1.OMHz 
Turn On Time ton Voc=-—30V, Ilc=—150mA 50 ns 
lpi =—15mA 
Turn Off Time toff Voc=—6V, Ilc=—-150mA 110 ns 
lIpi=1p2=—15mA 


“Pulse Test: Pulse Width=300us, Duty Cycle=2% 
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ELECTRONICS 


KST3903/3904 NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


SOT-23 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol ‘Rating Unit 
| Collector-Base Voltage Vcgo -—60 Vv 
Collector-Emitter Voltage Vceo —40 V 
Emitter-Base Voltage VeBo —6 V 
Collector Current Io | —200 mA 
| Collector Dissipation | Pe 350 mW 
Storage Temperature Tstg 150 ad © 


1. Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Characteristic Test Condition 
Collector-Base Breakdown Voltage Ic=10yA, le=0 V 
*Collector-Emitter Breakdown Voltage BV ceo lc=1mA, Ig =0 V 
Emitter-Base Breakdown Voltage BVeso le=10uA, Ic=0 6 V 
Collector Cut-off Current Icex Voce = 30V, Veg =3V 50 nA 
*DC Current Gain Nee 
KST3903 Voe= 1V, lc =0.1mMA 20 
KST3904 40 
KST3903 Voce = 1V, Ic =1mA 30 
KST3904 70 
KST3903 Voe = 1V, lo =10mA 50 150 
KST3904 100 300 
KST3903 Vce=1V, Io =50mA 30 
KST3904 60 
KST3903 VceE= 1V, lc=100mMA 15 
KST3904 30 
*Collector-Emitter Saturation Voltage Vce(Sat) | lc=10mA, lgs=1mA 0.2 V 
lo =50mA, Ig =5mA 0.3 V 
*Base-Emitter Saturation Voltage Vee(Sat) lc =10mA, Ilg=1mA 0.65 0.85 V 
lo =50mA, Ig =5mA 0.95 V 
Output Capacitance Cos Vee = 5V, le =0, f= 1MHz 4 pF 
Current Gain Bandwidth Product fr Voce = 20V, Io =10MA 
KST3903 f = 100MHz 250 MHz 
KST3904 300 MHz 
Noise Figures Ne lo =100nA, Voce =5V, Rs = 1K 
KST3903 f=10Hz to 15.7KHz 6 dB 
KST3904 5 dB 
Turn On Time ton Voc = 3V, Vee = 0.5V 70 ns 
Io= 10mA, lai = 1MA 
Turn Off Time torr Vec= 3V, lc=10MA 
KST3903 li = leo =1mA 
KST3904 


* Pulse Test: Pulse Width <300us, Duty Cycle<2% Marking 


MARKING CODE 


TYPE KST3903 KST3904 
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KST3903/3904 NPN EPITAXIAL SILICON TRANSISTOR | 


DC CURRENT GAIN CURRENT GAIN-BANDWIDTH PRODUCT 
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ELECTRONICS 


KST3906 PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol Rating Unit 
| Collector-Base Voltage | Veso -40 | MV 
| Collector-Emitter Voltage Veen =40 V 
| Emitter-Base Voltage VeEBo =5 V 
| Collector Current Ic —200 | mA 
| Collector Dissipation Po 350 mW 
| Storage Temperature Tstg 150 °C 

. . Emi _& 

ELECTRICAL CHARACTERISTICS (T,=25°C) ae 


Collector-Base Breakdown Voltage Ic=—10yA, leE=O V 
*Collector-Emitter Breakdown Voltage Ilc=—1.0mA, Ip=O V 
Emitter-Base Breakdown Voltage BVeEBo leE=—10ypA, Ic=O0 = V 
Collector Cutoff Current IcEx Vce=—30V, Vep=—-3V —50 nA 
*DC Current Gain hee Voce=—-1V, Ilc=—0.1MA 60 
VceE=—-1V, lc=—1MA 80 
VceE=—-1V, Ilc=—10mA 100 300 
VceE=—-1V, Ilc=—50mA 60 
VoE=—-1V, Ilc=—100mA 30 
*Collector-Emitter Saturation Voltage Vce(sat) | Ilc=—10mA, Ilp=—1mA —0.25 V 
Ic=—50mA, Ip=—5.0mA —0.4 V 
*Base-Emitter Saturatin Voltage Vpe(Sat) lc=—10mA, Ip=—1.0mA —-0.65 0.86 V 
Ic=—50mA, Ip=—5.0mA —0.95 V 
Current Gain-Bandwith Product fr Ic=—10mA, VceE=—20V 250 MHz 
f= 100MHz 
Output Capacitance Cob Vcop=—5V, le=0 4.5 pF 
f=1.OMHz 
Noise Figure NF Ic=—100uA, VceE=—5V 4 dB 
Rs=1KQ 
f=10Hz to 15.7KHz 
Turn On Time ton Vec=—-3V, Vee=—0.5V 70 ns 


lc=—10mA, Ip1=—1MA 


Turn Off Time toff Voc=—3V, Ilc=—-10mA 300 ns 
| lpai1=lpo=—1mMA 


*Pulse Test: Pulse Width=300us, Duty Cycle=2% 


Marking 
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ELECTRONICS 


KST3906 PNP EPITAXIAL SILICON TRANSISTOR | 
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ELECTRONICS 


KST42/43 NPN EPITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


SOT-23 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic 
Collector Base Voltage VcBo 
KST42 
KST43 
Collector-Emitter Voltage Veo 
KST42 
KST43 
Emitter-Base Voltage VeBo 
Collector Current Ic 
Collector Dissipation Po 
Storage Temperature Tst¢ 
Thermal Resistance Junction R-.(i 
to Ambient TH(-a) 


V 
V 
V 
V 
V 
mA 
mW 
"GC 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


Characteristic 


Collector-Base Breakdown Voltage 
KST42 
KST43 
*Collector-Emitter Breakdown Voltage 
KST42 
KST43 
Emitter-Base Breakdown Voltage 
Collector Cut-off Current 
Emitter Cut-off Current 
*DC Current Gain 


*Collector-Emitter Saturation Voltage 
*Base-Emitter Saturation Voltage 
Collector-Base Capacitance 
KST42 
KST43 
Current Gain Bandwidth Product 


* Pulse Test: PW =300us, Duty Cycle = 2% 


MARKING CODE 


taser 


ELECTRONICS 


BV cso 


BV ceo 


BVeso 
IcBo 
leBo 


re 


Vce(Sat) 
Vpe(Sat) 
Cop 


Ic = 100A, le =0 


lc=1mA, Ig =0 


le= 100A, Io =0 
Voce = 200V, Ie =0 
Vce= ov, Ic =0 
Vce= 10V, lc=1mA 
Voce = 10V, lc=10MA 
VoceE= 10V, lc =30mA 
lc= 20mA, Ip=2mA 
lc = 20mA, lIg=2mA 
Ves = 20V, Ie=0 

f= 1MHz 


Vce= 20V, lc=10MA 
f = 100MHz 


= <= <= <= =< 


; ae 
>> 
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KST42/43 


Prasad 
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KST4401 


NPN EPITAXIAL SILICON TRANSISTOR 


SWITCHING TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol Rating Unit 
Collector-Base Voltage Vso 60 V 
Collector-Emitter Voltage VoceEo 40 V 

| Emitter-Base Voltage VeBo 6 V 
Collector Current Ic 600 mA 
Collector Dissipation Po 350 mW 

| Storage Temperature Tstg 150 °C 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


SOT-23 


is 


Base 2. Emitter 3. Collector 


sind) 


ee 
Characteristic Symbol Test Condition Min Max | Unit 
| Collector-Base Breakdown Voltage BV cso lc=100yuA, IE=O 60 | V 
*Collector-Emitter Breakdown Voltage | BVceo lc=1.0mA, lg=O 40 V 
_ Emitter-Base Breakdown Voltage BVego lE=100yuA, Ic=O 6 V 
Base Cutoff Current IBev Vce=35V, Vegp=0.4V 100 | nA 
| Collector Cutoff Current lcEx | Vce=S35V, Vee=0.4V 100 nA 
*DC Current Gain Nee VoceE=1V, Ic=O.1MA 20 
| Vce=1V, le=1mA 40 
Vce=1V, lc=10mA 80 
Vce=1V, le=150mA 100 300 
| Vce=2V, Ilc=500mA 40 
*Collector-Emitter Saturation Voltage Voce (Sat) | lc=150mA, lg=15mA 0.4 V 
lc=500mA, Ils=50mA 0.75 V 
'*Base-Emitter Saturation Voltage | Vee (Sat) | Ilc=150mA, lg=15mA 0.75 0.95 V 
| | lc=500mA, Ip=50mA 1.2 V 
_ Current Gain-Bandwidth Product fy lc=20mA, Vcp=10V 250 MHz 
| f= 10O0MHz 
Collector Base Capacitance Ccb Vop=5V, le=O 6.5 pF 
f= 100K Hz 
| Turn On Time ton | Vec=30V, Vae=2V 35 ns 
| lc=150mA, Igi:=15mA 
Turn Off Time tott Vec=30V, Ilc=150mA 255 si ns 
| lpi =lp2=15MmA 
*Pulse Test: Pulse Width=300us, Duty Cycle=2% 
Marking 
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KST4401 NPN EPITAXIAL SILICON TRANSISTOR 
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KST4403 PNP EPITAXIAL SILICON TRANSISTOR 


SWITCHING TRANSISTOR 


SOT-23 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic Symbol Rating Unit 
| Collector-Base Voltage | Vso -40 V 
Collector-Emitter Voltage VceEo —40 V 
Emitter-Base Voltage | Veso 5 V 
Collector Current | Ic —600 mA 
| Collector Dissipation | Pe | 350 mW 
Storage Temperature _ Tstg 150 °C 


ELECTRICAL CHARACTERISTICS (Ta=25°C) |? mer? “ater 


Collector-Base Breakdown Voltage Ilc=—0.1mA, leE=O V 
*Coltlector-Emitter Breakdown Voltage Ic=—1.0mA, Ilp=O V 
Emitter-Base Breakdown Voltage BVeEBo lE=—O.1mA, Ic=O =5 V 
Base Cutoff Current IBEV Voe=—35V, Veae=—0.4V —0.1 uA 
Collector Cutoff Current ICEX VceE=—35V, Veae=—0.4V =. 1 pA 
DC Current Gain Nee VoceE=—-1V, Ic=—-O.1MA 3) 
VceE=—-1V, Ic=—1.0mMA 60 
VoceE=—-1V, Ilo=—10MA 100 
*Vop=—2V, Ilc=—150mA 100 300 
*Voce=—2V, Ilc=—500mA 20 
*Collector-Emitter Saturation Voltage Vce(sat) lc=—150mA, Ilp=—15mA —-0.4 V 
Ilc=—500mA, Ilp=—50mA =(15 V 
*Base-Emitter Saturation Voltage Vpe(Sat) Ic=—150mA, Ip=—15mA =0.75 —-0.95 V 
Ic=—500mA, Ilp=—50mA —1.3 V 
Current Gain-Bandwidth Product fr Ilc=—20mA, VceE=—10V 200 MHz 
f= 100MHz 
Collector-Base Capacitance Cob Vop=—10V, le=O 8.5 pF 
f=140kHz 
Turn On Time ton Vec=—30V, Vee=—2V 35 ns 
Ic=—150mA, Ip1=—15mA 
Turn Off Time toff | Vec=—30V, Ilc=—150mA 255 ns 
Isi=lIpo=—15mA 


*Pulse Test: Pulse Width=300us, Duty Cycle=2% 
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KST5401 PNP EPITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


| 


Characteristic Symbol Rating Unit 
| Collector-Base Voltage | Yeas —160 V 
Collector-Emitter Voltage VoEo —150 V 
Emitter-Base Voltage VeRO =5 V 
| Collector Current Ic —500 mA 
' Collector Dissipation Po 350 mw 
_ Storage Temperature Tstg 150 ae 


1. Base 2. Emitter 3. Collector 


ELECTRICAL CHARACTERISTICS (T,=25°C) _ 


Characterstic Symbol Test Condition Min) Max 


Collector-Base Breakdown Voltage BVcso Ic=—100pA, lE=O —160 V 
Collector-Emitter Breakdown Voltage BVcEo lc=—1.0mA, Ilp=O V 
Emitter-Base Breakdown Voltage BVeso leE=—10yA, Ic=O = V 
Collector Cutoff Current ICBO Vcp=—100V, Ir=0O — 650 nA 
DC Current Gain Nee Vce=—5V, Ilc=—1.0mMA 50 
Vce=—5V, Ilc=—10MA 60 240 
VceE=—5V, Ilc=—50mA 50 
Collector-Emitter Saturation Voltage Vce(sat) Ilc=—10mA, Ilp=—1.0mA =—0.2 V 
Ic=—50mA, lp=—5mA =O.5 V 
Base-Emitter Saturatin Voltage Vpe(Sat) lc=—10mA, Ip=—1.0mA =—1.0 V 
Ic=—50mA, Ilp=—5mA —1.0 V 
Current Gain-Bandwith Product fr Ilc=—10MmA, VceE=—10V 100 300 MHz 
f= 100MHz 
Output Capacitance Cob Vcp=—10V, Ile=0 6.0 pF 
f=1.O0MHz 
Noise Figure NF VoceE=—5V, Ic=—200pnA 8.0 dB 
Rs=10K0 
f=10Hz to 15.7KHz 
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PNP EPITAXIAL SILICON TRANSISTOR 
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2N5551 


NPN EPITAXIAL SILICON TRANSISTOR 


AMPLIFIER TRANSISTOR 


¢ Collector-Emitter Voltage: Vceo = 160V 


¢ Collector Dissipation: Pc. (max)=625mW 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


Characteristic Symbol Rating Unit 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Collector Dissipation 
Junction Temperature 
Storage Temperature 


Vso 
Voceo 
Veso 


V 
V 
6 Vv | 
600 mA 
625 mW 


TO-92 


1. Emitter 2. Base 3. Collector 


ELECTRICAL CHARACTERISTICS (Ta =25°C) 


Characteristic Symbol Test Conditions Min Typ Max Unit 
Collector-Base Breakdown Voltage BV cso Ic =100uA, I_ =0 180 V 
*Collector-Emitter Breakdown Voltage BV ceo lc=1mA, Ip =0 160 V 
Emitter-Base Breakdown Voltage BVeso le =10,A, Ic =0 6 V 
Collector Cut-off Current IcBo Vos =120V, le =0 50 nA 
Emitter Cut-off Current leBo Vee =4V, Ic =0 50 nA 
*DC Current Gain Nee lc=1MA, Voce =5V 80 
lc =10MA, Vce =5V 80 250 
Ic =50mMA, Vce =5V 30 
*Collector-Emitter Saturation Voltage Voce (Sat) Ic =10MA, Ig =1mA 0.15 V 
lc =50mA, Ig =5mA 0.2 V 
*Base-Emitter Saturation Voltage Vee (Sat) lc =10mA, Ig =1mMA 1 V 
Ic =50mA, lp =5mA 1 V 
Current Gain Bandwidth Product fr Ico =10MA, Vee =10V 100 300 MHz 
f=100MHz 
Output Capacitance Cob Vp =10V, le =0 6 pF 
f=1MHz 
Noise Figure NF Io =250pA, Vee =5V 8 dB 
Rs =1KQ 
f=10Hz to 15.7KHz 
*Pulse Test: Pulse Width=300uS, Duty Cycle=2% 
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KST92/93 PNP EPITAXIAL SILICON TRANSISTOR 


HIGH VOLTAGE TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS (T,=25°C) 


Characteristic 


Collector Base Voltage 
KST92 
KST93 

Collector-Emitter Voltage 
KST92 
KST93 

Emitter-Base Voltage 

Collector Current 

Collector Dissipation 

Storage Temperature 

Thermal Resistance Junction 

to Ambient 


Tst¢ 


Rru(j-a) 


1. Base 2. Emitter 3. Collector 


e Refer to KSP92/93 for graphs 


ELECTRICAL CHARACTERISTICS (Ta = 25°C) 


Collector-Base Breakdown Voltage BV cso = — 100A, Ie=0 
KST92 
KST93 
*Collector-Emitter Breakdown Voltage 
KST92 
KST93 
Emitter-Base Breakdown Voltage 


Collector Cut-off Current 


BVceo _ 1mA, lp =0 


BV ego 


IcBo 


le= —100nA, Ic =0 


KST92 
KST93 


Vcp= — 200V, IE=0 

Vos = — 160V, le=0 
Vce= —3V, Io =0 

Vce= — 10V, ic= —1imA 
Vce= — 10V, lc= —10mMA 
Vce= = 10V, Ic= —30mA 


leBo 
re 


Emitter Cut-off Current 
*DC Current Gain 


*Collector-Emitter Saturation Voltage Vce(Sat) | Io= — 20mA, Ip= —2mA 
*Base-Emitter Saturation Voltage Vee(Sat) | Ic= —20mA, Ilp= —2mA 
Collector-Base Capacitance Cop Vocp= —20V, Ile=0 


KST92 f = 1MHz 
KST93 


Current Gain Bandwidth Product 


Voce = — 20V, lo= — 10mA 
f = 100MHz 


* Pulse Test: PW =300us, Duty Cycle=2% 


Marking 


MARKING CODE 
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Paversouag 


ELECTRONICS 


KSH112 


D-PACK FOR SURFACE MOUNT 


APPLICATIONS 


e High DC Current Gain 
e Built-in a Damper Diode at E-C 


e Lead Formed for Surface Mount Applications (No Suffix) 


e Straight Lead (I.PACK, “— | ” Suffix) 
e Electrically Similar to Popular TIP112 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Characteristic 
Collector Base Voltage V 
Collector Emitter Voltage VocEo 100 V 
Emitter Base Voltage VeBo 5 V 
Collector Current (DC) lo Z A 
Collector Current (Pulse) To 4 A 
Base Current lp 50 A 
Collector Dissipation (T, = 25°C) P. 20 W 
Collector Dissipation (T,= 25°C) Ps 1.75 W 
Junction Temperature T 150 °C 
Storage Temperature — 65~ 150 °C 


ELECTRICAL CHARACTERISTICS (T,= 25°C) 


NPN SILICON DARLINGTON TRANSISTOR 


Characteristic Symbol Test Condition cs 


*Collector Emitter Sustaining Voltage | Vceo(Sus) lc = 30mA, Ig =0 
Collector Cutoff Current IcEO Voce = 5OV, Ip =0 20 7 
Collector Cutoff Current IcBo Vcp = 100V, Ie =0 20 pA 
Emitter Cutoff Current leBo Vep = 5V, lc = 2 mA 
*BC Current Gain Nee Voce =3V, Ic =0.5A 500 
Voe=3V, Io =2A 1000 12K 
Vee = 3V, Ic=4A 200 
*Collector Emitter Saturation Voltage | Vce(sat) lc =2A, lg =8mA 2 V 
Ic =4A, lg =40mA 3 V 
*Base Emitter Saturation Voltage Vee(Sat) Ic =4A, lp =40mA 4 V 
*Base Emitter On Voltage Vege(On) Voce =3A, Ilo =2A 2.8 V 
Current Gain Bandwidth Product fy Voce = 10V, Ic =0.75A 25 MHz 
f= 1MHz 
Output Capacitance Cog Vog=10V, le =0 100 pF 
f =0.1MHz 
* Pulse Test: PW<300uS, Duty Cycle<2% 
B 
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ELECTRONICS 
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NPN SILICON DARLINGTON TRANSISTOR 
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KSH112 NPN SILICON DARLINGTON TRANSISTOR 


POWER DERATING 


Pp(W), POWER DISSIPATION 
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ELECTRONICS 


KSH117 PNP SILICON DARLINGTON TRANSISTOR 


D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


e High DC Current Gain 

e Built-in a Damper Diode at E-C 

e Lead Formed for Surface Mount Applications (No Suffix) 
e Straight Lead (I.PACK, “— | ” Suffix) 

e Electrically Similar to Popular TIP117 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Collector Base Voltage — 100 
Collector Emitter Voltage — 100 
Emitter Base Voltage —5 
Collector Current (DC) -—2 
Collector Current (Pulse) —4 
Base Current — 50 
Collector Dissipation (T, = 25°C) 20 
Collector Dissipation (Ta = 25°C) fo 
Junction Temperature 150 
Storage Temperature — 65~ 150 


SsSrrr<<< 


° 


ole’ 


*Collector Emitter Sustaining Voltage | Vceo(Sus) Ilc= —30mA, Ip =0 
Collector Cutoff Current IcEo Vce= —50V, Ip=0 
Collector Cutoff Current IcBo Vcg = —100V, Ie =0 
Emitter Cutoff Current | leBo Veg = —5V, Ic =0 
*DC Current Gain Nee Voce= -—3V, Ic = —0.5A 
Vce= — 3V, Ic= —2A 
Vce= —3V, Ilo= -—4A 
*Collector Emitter Saturation Voltage | Vce(sat) Ic= —2A, lp= —8MmA 
Ilc= —4A, lgp= —40mA 
*“Base Emitter Saturation Voltage Vee(Sat) Ic = —4A, lg= —40mA 
*Base Emitter On Voltage Vepe(On) Voce = —3A, Ic= —2A 
Current Gain-Bandwidth Product fr Vce= —10V, Ic = —0.75A 
f= 1MHz 
Output Capacitance Cos Vog = —10V, Ile =0 
f =0.1MHz 
* Pulse Test: PW<300uS, Duty Cycle<2% C 
B 
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ELECTRONICS 


KSH117 PNP SILICON DARLINGTON TRANSISTOR 
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DC CURRENT GAIN COLLECTOR EMITTER SATURATION VOLTAGE 
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ELECTRONICS 


KSH117 PNP SILICON DARLINGTON TRANSISTOR 


POWER DERATING 
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ELECTRONICS 


KSH122 NPN SILICON DARLINGTON TRANSISTOR 


D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


e High DC Current Gain 

e Built-in a Damper Diode at E-C 

e Lead Formed for Surface Mount Applications (No Suffix) 
e Straight Lead (I1.PACK, “— | ” Suffix) 

e Electrically Similar to Popular TIP122 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Collector Base Voltage 
Collector Emitter Voltage 
Emitter Base Voltage 

Collector Current (DC) 

Collector Current (Pulse) 

Base Current 

Collector Dissipation (T, = 25°C) 
Collector Dissipation (T,= 25°C) 
Junction Temperature 

Storage Temperature 


SsSrrrp<<<c< 


° 


ele 


*Collector Emitter Sustaining Voltage | Vceo(Sus) lc =30mA, Ip =0 
Collector Cutoff Current IcEo Voce = 50V, Ip =0 
Collector Cutoff Current IcBo Vcp = 100V, Ie =0 
Emitter Cutoff Current leBo Veg =5V, Io =0 
*DC Current Gain Nee Voce=4V, Ic=4A 
Voce = 4V, lc = 8A 
*Collector Emitter Saturation Voltage | Vc¢(sat) lc =4A, lg=16MA 
Ic = 8A, Is =80MmMA 
*Base Emitter Saturation Voltage Vee(Sat) lc = 8A, lg =80mA 
*Base Emitter On Voltage Vee(On) Voce =4A, Ic=4A 
Output Capacitance Cos Vcog = 10V, le =0 
f =0.1MHz 
* Pulse Test: PW<300uS, Duty Cycle<2% C 
B 
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ELECTRONICS 


KSH122 NPN SILICON DARLINGTON TRANSISTOR 


BASE EMITTER SATURATION VOLTAGE 
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ELECTRONICS 


KSH122 NPN SILICON DARLINGTON TRANSISTOR 


POWER DERATING 
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ELECTRONICS 


KSH127 PNP SILICON DARLINGTON TRANSISTOR 


D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


¢ High DC Current Gain 

e Built-in a Damper Diode at E-C 

e Lead Formed for Surface Mount Applications (No Suffix) 
e Straight Lead (I.LPACK, “— | ” Suffix) 

e Electrically Similar to Popular TIP127 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Characteristic | Symbol Rating Unit | 
Collector Base Voltage Vso — 100 V 
Collector Emitter Voltage Veo — 100 V 
Emitter Base Voltage VeBo —5 V 
Collector Current (DC) Ic —8 A 
Collector Current (Pulse) Ic — 16 A 
Base Current Is — 120 A 
Collector Dissipation (T, = 25°C) Pe 20 W 
Collector Dissipation (T,= 25°C) Fs 1.75 W 
Junction Temperature Tj 150 i 
Storage Temperature Tstg — 65~ 150 °C 
ELECTRICAL CHARACTERISTICS (T, = 25°C) ~ 
ee cd 
*Collector Emitter Sustaining Voltage | Vceo(Sus) Ilc= —30mA, Ip =0 V 
Collector Cutoff Current Ice Vce= —50V, Ip=0 — 10 pA 
Collector Cutoff Current logo Vop = — 100V, Ie =0 — 10 uA 
Emitter Cutoff Current lEBo Veg = —5V, Io =0 —2 mA 
*DC Current Gain Nee Voe= —4V, Ilo= —4A 1000 12K 
Vce= — 4V, lo= — 8A 100 
“Collector Emitter Saturation Voltage | Vce(sat) Ilc= —4A, lgp= —16MA -2 V 
Ic= —8A, Ils= —80mA —4 V 
*Base Emitter Saturation Voltage V pe(Sat) Ic= —8A, Ilg= —80MA —45 V 
*Base Emitter On Voltage Vege(On) Vce= —4A, Ic= -—4A V 
Output Capacitance Cos Vopg = —10V, le=0 
f = 0.1MHz 


* 


Pulse Test: PW <300uS, Duty Cycle<2% 
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ELECTRONICS 


KSH127 PNP SILICON DARLINGTON TRANSISTOR 


BASE EMITTER SATURATION VOLTAGE 
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ELECTRONICS 


KSH127 PNP SILICON DARLINGTON TRANSISTOR 


POWER DERATING 
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ELECTRONICS 


KSH2955 PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE AMPLIFIER 

LOW SPEED SWITCHING APPLICATIONS 
D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


e Lead Formed for Surface Mount Applications (No Suffix) 
¢ Straight Lead (1.LPACK, “— | ” Suffix) 
¢ Electrically Similar to Popular MJE2955 
e DC Current Gain Specified to 10A 
¢ High Current Gain-Bandwidth Product: 
f; = 2MHz (MIN), Ic-= —500mA 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Characteristic Symbol Rating Unit 
Collector Base Voltage Vso —70 V | 
Collector Emitter Voltage . Veo ~60 V | 
Emitter Base Voltage VeBo —5 V 
Collector Current Io — 10 A 
Base Current Ip —6 A 
Collector Dissipation (T, = 25°C) PRY 20 W 
Collector Dissipation (T, = 25°C) P, 1.75 W 
Junction Temperature T; 150 °C 
Storage Temperature T stg — 55 ~ 150 a & 


ELECTRICAL CHARACTERISTICS (T, = 25°C) 


Characteristic Symbol Test Condition Min Max Unit 
*Collector Emitter Sustaining Voltage | Vceo(Sus) Ic = —30mA, Ig =0 — 60 V 
Collector Cutoff Current IcEo Vcp= - 30V, le=Q — 50 pA 
Collector Cutoff Current IcBo Vcop = —70V, le=0 —2 mA 
Emitter Cutoff Current leBo Veg= —5V, Ic-=0 —0.5 mA | 
*DC Current Gain Nee Voe= —-4V, Io= —4A 20 100 | 
Voce = —4V, lc= — 10A 5 | 
*Collector Emitter Saturation Voltage | Vce(sat) Ic= —4A, lgp= —0.4A — 1.1 V 
Ic= —10A, Igp= —3.3A -8 V 
*Base Emitter On Voltage Vpe(On) Voce = —4A, Ilo= —4A —18 V 
Current Gain Bandwidth Product fr Voce = —10V, Ie = —500mA 2 MHz 
f = 500KHz 


* Pulse Test: PW<300uS, Duty Cycle<2% 


ELECTRONICS 


KSH2955 PNP EPITAXIAL SILICON TRANSISTOR 


BASE EMITTER SATURATION VOLTAGE 
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ELECTRONICS 


KSH29/29C NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE AMPLIFIER 

LOW SPEED SWITCHING APPLICATIONS 
D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


¢ Load Formed for Surface Mount Application(No Suffix) 
¢ Straight Lead (I.PACK, “— | ” Suffix) 
¢ Electrically Similar to Popular TIP29 and TIP29C 


ABSOLUTE MAXIMUM RATING(T,=25  C) 


Characteristic Unit 

Collector Base Voltage : KSH29 V 

>: KSH29C V 
Collector Emitter Voltage: KSH29 V 

: KSH29C V 
Emitter Base Voltage V 
Collector Current(DC) A 
Collector Current(Pulse) A 
Base Current A 
Collector Dissipation(T,.=25° C) 15 WwW 
Collector Dissipation(T,=25° C) 1.56 W 
Junction Temperature 150 “Cc 
Storage Temperature —65~150 | °C 


ELECTRICAL CHARACTERISTICS(T,=25° C) 


crn ee) See eee 
Collector Emitter Sustaining Voltage : KSH29 VcEo(Sus) Ic=—30mA, |p=0 
>: KSH29C 
Collector Cutoff Current >: KSH29 IcEO VcE=40V, = Ip=0 
: KSH29C Vce=60V, Inp=0 
Collector Cutoff Current : KSH29 Ices VcE=40V, Vep=0 
>: KSH29C Vce=100V, VeER=0 
Emitter Cutoff Current lEBo Vep=oV, Ic=0 
*DC Current Gain Hee Voe=4V, Ic=0.2A 
Vog=4V, Ic= 1A 
*Collector Emitter Saturation Voltage Vc¢,(sat) Ic=1A, Ip=125mMA 
“Base Emitter On Voltage Vee(on) Vog=4A, Ic=1A 
Current Gain Bandwidth Product tr Voce=10V, Ie=200mA 
f=1MHz 


deca 


ELECTRONICS 
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KSH29/29C NPN EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN TURN ON TIME 
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ELECTRONICS 


KSH3055 NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE AMPLIFIER 

LOW SPEED SWITCHING APPLICATIONS 
D-PACK FOR SURFACE MOUNT 
APPLICATIONS 


e Lead Formed for Surface Mount Applications (No Suffix) 
e Straight Lead (1.LPACK, “— | ” Suffix) 
e Electrically Similar to Popular MJE3055 
e DC Current Gain Specified to 10A 
¢ High Current Gain-Bandwidth Product: 
fr = 2MHz (MIN), Ic =500mA 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


Collector Base Voltage 
Collector Emitter Voltage 
Emitter Base Voltage 

Collector Current 

Base Current 

Collector Dissipation (T, = 25°C) 
Collector Dissipation (T,= 25°C) 
Junction Temperature 

Storage Temperature 


Ssrr<<<c 


° 


ele: 


*Collector Emitter Sustaining Voltage | Vceo(Sus) Ic = 30mA, Ip =0 
Collector Cutoff Current IcEO Voce = 30V, Ip =0 
Collector Cutoff Current IcBo Vog = 70V, Ie =0 
Emitter Cutoff Current lEBo Veg =5V, Io =0 

*DC Current Gain Nee Vor =4V, Ic = 4A 

Voce = 4V, lo — 10A 

*Collector Emitter Saturation Voltage | Vc¢(sat) Ic =4A, Ip=0.4A 

Io = 10A, lp = 3.3A 
“Base Emitter On Voltage Vee(On) Voce =4A, Ic =4A 


Current Gain Bandwidth Product fr Voce = 10V, Ip = 500MA 


f = 500KHz 


* 


Pulse Test: PW<300yS, Duty Cycle<2% 
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ELECTRONICS 


KSH3055 


NPN EPITAXIAL SILICON TRANSISTOR 
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KSH30/30C 


PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE AMPLIFIER 
LOW SPEED SWITCHING APPLICATIONS 


D-PACK FOR SURFACE MOUNT 


APPLICATIONS 


e Lead Formed for Surface Mount Applications (No Suffix) 
¢ Straight Lead (I1.LPACK, “— [| ” Suffix) 
e Electrically Similar to Popular TIP30 and TIP30C 


ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


Characteristic 


Collector Base Voltage : KSH30 

: KSH30C 
Collector emitter Voltage: KSH30 

: KSH30C 


Emitter Base Voltage 

Collector Current (DC) 

Collector Current (Pulse) 

Base Current 

Collector Dissipation (T, = 25°C) 
Collector Dissipation (T, = 25°C) 
Junction Temperature 

Storage Temperature 


Symbol Rating Unit 

Vecpso = 40 V 

— 100 V 
VcEo — 40 V 

— 100 V 
VeBo =5 V 
lo —1 A 
lo —3 A 
lp —0.4 A 
P, —15 W 
P. — 1.56 W 
Tj — 150 a 
Tatg —65~150 | °C 


en 


ELECTRICAL CHARACTERISTICS (T, = 25°C) 


Characteristic Symbol Test Condition Min | Max | Unit © 
*Collector Emitter Sustaining Voltage: KSH30 | Vceo(Sus) | Ilo= —30mA, Ig =0 — 40 V 
: KSH30C — 100 V 
Collector Cutoff Current > KSH30 | Iceo Voce = —40V, lg =0 —50/| wA 
>: KSH30C Voce = —60V, Ip =0 —50| pA 
Collector Cutoff Current : KSH30 | Ices Vce= —40V, Veg =O —20| wA 
: KSH30C Vce= —100V, Veg =0 —20|) pA 
Emitter Cutoff Current leBo Veg = —5V, Ic =0 —1!} mA 
*DC Current Gain Nee Voe= —4V, Io = —0.2A 40 
Voce= —4V, Ilo= -—1A 15 75 | 
*Collector Emitter Saturation Voltage Vce(Sat) lc = -—1A, lgp= —125mA -07 V 
*Base Emitter On Voltage Vee(On) Vce= —4A, Io= -—1A -1.3) V 
Current Gain Bandwidth Product fy Voce = —10V, Iloe= —200MA 3 | MHz 
f = 1MHz 
* Pulse Test: PW<300uS, Duty Cycle<2% 
102 | 
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KSH30/30C PNP EPITAXIAL SILICON TRANSISTOR 
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ELECTRONICS 


KSH44H11 NPN EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE POWER AND SWITCHING 
SUCH AS OUTPUT OR DRIVER STAGES IN 
APPLICATIONS D-PACK FOR SURFACE 
MOUNT APPLICATIONS 


*« Load Formed for Surface Mount Application(No Suffix) 
- Straight Lead (1.LPACK, “— | ” Suffix) 

* Electrically Similar to Popular KSE44H 

* Fast Switching Speeds 

- Low Collector Emitter Saturation Voltage 


ABSOLUTE MAXIMUM RATINGS (T, = 25°C) 


Characteristic Symbol Rating Unit 
ees Me Se Re 
Collector Emitter Voltage Veo 80 V 
Emitter Base Voltage VeBo 5 V 
Collector Current (DC) lo 8 A 
Collector Current (Pulse) lo 16 A 
Collector Dissipation (T, = 25°C) Pe 20 W 
Collector Dissipation (T,= 25°C) Ps 1.75 W 
Junction Temperature T; 150 *G 
Storage Temperature Tsstg — 55 ~ 150 °C 


ELECTRICAL CHARACTERISTICS (T,= 25°C) 


Characteristic Symbol Test Condition Min Typ | Max | Unit 
Collector Emitter Sustaining Voltage | Vceo(sus) | lo =30mA, Igs=0 80 V 
Collector Cutoff Current IcEO Voce = 80V, Ip =0 10} pA 
Emitter Cutoff Current leBo Veg =5V, Ic =0 50; pA 
DC Current Gain Nee Voe=1V, Ilc=2A 60 
Vce=1V, Ic=4A 40 
Collector Emitter Saturation Voltage | Vce(sat) lc =8A, lg =0.4A 1 V 
Base Emitter Saturation Voltage Vg¢(Sat) Ic =8A, Ig =0.8A 15 V 
Current Gain Bandwidth Product fr Voce = 10V, Io =0.5A 50 MHz 
f = 20MHz 
Collector Capacitance Cop Vopg=10V, f= 1MHz 130 pF 
Turn On Time ton Ilc=5A, Ip; =0.5A 300 ns 
Storage Time tstg lpi =l—2=0.5A 500 ns 
Fall Time t; 140 ns 


* Pulse Test: PW <300uS, Duty Cycle<2% 


ELECTRONICS 


KSH44H11 NPN EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN 
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ELECTRONICS 


KSH45H11 PNP EPITAXIAL SILICON TRANSISTOR 


GENERAL PURPOSE POWER AND SWITCHING 
SUCH AS OUTPUT OR DRIVER STAGES IN 
APPLICATIONS D-PACK FOR SURFACE 
MOUNT APPLICATIONS 


« Load Formed for Surface Mount Application(No Suffix) 
- Straight Lead (I1.PACK, “— | ” Suffix) 

* Electrically Similar to Popular KSE45H 

- Fast Switching Speeds 

* Low Collector Emitter Saturation Voltage 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C) 


ence [| 

Collector Emitter Voltage Veo V 
Emitter Base Voltage VeBo V 
Collector Current (DC) lo A 
Collector Current (Pulse) Ic A 
Collector Dissipation (T, = 25°C) Pe W 
Collector Dissipation (T, = 25°C) P. WwW 
Junction Temperature T; °C 
Storage Temperature "SC 


Ic= — 30mA, lp =O 
Voe= — 80V, lg =O 
Vegp= — SV, Io =0 
VcE= —1V, is= —2A 
Vce=—1V, Ilo= —4A 


Collector Emitter Sustaining Voltage 
Collector Cutoff Current 

Emitter Cutoff Current 

DC Current Gain 


Vceo(Sus) 
IcEO 


leBo 
Nee 


—10; pA 
—50; wA 


Collector Emitter Saturation Voltage | Vce(sat) Ilc= —B8A, Ilgp= —0.4A V 
Base Emitter Saturation Voltage Vee(Sat) Ic = —8A, Ip= —0.8A V 
Current Gain Bandwidth Product fr Voce = —10V, Ie= —0.5A MHz 


f = 20MHz 
Vcp = —10V, f=1MHz 
Ic = —5A, Ipi= —0.5A 
lai =lpo= —0.5A 


Cob 


ton 


Collector Capacitance 
Turn On Time 
Storage Time 
Fall Time 


tstg 
ty 


* Pulse Test: PW<300uS, Duty Cycle<2% 
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KSH45H11 PNP EPITAXIAL SILICON TRANSISTOR 


DC CURRENT GAIN 
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ELECTRONICS 


2N7000 


N-CHANNEL 
SMALL SIGNAL MOSFET 


FEATURES 


e Fast switching speeds 
e TO-92 Package 


PRODUCT SUMMARY 


MAXIMUM RATINGS 


Characteristic 
Drain-Source Voltage (1) 


PartNumber | Vos Roster) _| 


_ Drain Gate Voltage (Ras =1.0MQ) (1) 


Gate Source Voltage 


| Continuous Drain Current T, =25°C 
Drain Current — Pulsed (3) 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


| Operating and Storage 
Junction Temperature Range 


Maximum Lead Temp. for Soldering 


Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 


1. Source 2. Gate 3. Drain 


Voss | | 


Cc 
Cc 
Ves +40 Vdc 


ey 


mAdc 


mWatts 
mW/°C 


400 


a 
Oo 
a 
ine) 
° ° 
@) @) 


(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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N-CHANNEL 
2N7000 SMALL SIGNAL MOSFET 


ee CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Characteristic Min | Typ | Max | Units Test Condition 


Ves =0V 
Drain Source Breakdown Voltage po) -|-| v | Ip =100yA 


Vestn) [GaeTivestes otage =| 08 | — | 90 | V |Vos=Vonwnt0ma 
a ea 
toss | Gate Source Leskage Reverse | — | — |-100| mA [Vose16V 

Zero Gate volage pa f= fie [am [Vosncovesov 
ts Drain Current J eee Vos =30, Vag =OV, To = 125°C 


R Static Drain Source On State 
DS(on) | Resistance (2) Ves = 10V, Ip =0.5A 


on | Forward Transconducance @ | 100 | 900 | — | mo |Vos>Gum=Om 
Cm [tnputcapactence =| — | ao | — | oF 
con |Oupcencie = |) | or 
Gm [Reverse Wander Capacionco | — [a0 | — | oF 
tay [Tn OnDeeytine «| — | — | 10 | ne 
es ee 
es a 
Pu [rertime SST [| 10 | re 


Vas =OV, Vos =25V, f=1.0MHz 


Vpp =0.5 BVpss, Ip =0.5A, Zo =25 Ohms, 
(MOSFET switching times are essentially 
independent of operating temperature.) 


THERMAL RESISTANCE 


[Ra | _suncon abit | — | — [61@8| KW [FreeArOperaion 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle<2% 
(3) Repetitiverating: Pulse width limited by max. junction temperture 
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ELECTRONICS 


N-CHANNEL 
2N7000 SMALL SIGNAL MOSFET 


=e 


80S Pulse Test 
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Ip, DRAIN CURRENT (AMPERES) 


DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0.5 


LE CE AE EE CTE SE, S| ES) ATE NE! 
1 


0 2 4 6 0 
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TYPICAL SATURATION CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 
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80uS Pulse Test 

Vos >Ipion) *Rosiony Max. 
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Ip, DRAIN CURRENT (AMPERES) 


DRAIN-TO-SOURCE BREAK DOWN VOLTAGE (NORMALIZED) 
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TYPICAL TRANSFER CHARACTERISTICS BREAKDOWN VOLTAGE Vs TEMPERATURE 


a 
Ww 
N 
all 
< 
= 
cx 
ra} 
= 
: s 
” 
rd 5 Ves =0V 
2 < f=1,.0MHz 
” 3 
rs} 
c 
> 
3 
” 
2 
ca 
< 
cx 
a 
~50 0 50 100 150 0 10 20 30 40 50 
Ty, JUNTION TEMPERATURE Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
ON-RESISTANCE Vs TEMPERATURE TYPICAL CAPACITANCE Vs DRAIN-TO-SOURCE VOLTAGE 


110 


ELECTRONICS 


N-CHANNEL 
IRF510/511/512/513 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


TO-220 


IRF510/511/512/513 


PRODUCT SUMMARY 
___PartNumber | Vos _| Rosion | lo 


MAXIMUM RATINGS 


Characteristic | Symbol _| IRF510 | IRFS11 | IRF512 | IRF513 | Unit 
Drain-Source Voltage (1) | Moss | 100 =| ~=80 | 100 | 80 | 
_Drain-Gate Voltage (Ros=1.0MM(1)___ | Vocr_| 100 | 80 | 100 | 80 | Vdc _| 


Continuous Drain Current Tc=25°C | to 
Drain Current—Pulsed (3) | tm | S20 | S20] 8 | 18 | de 
las 


Single Pulsed Avalanche Energy (4) 
Avalanche Current obs fo 


Total Power Dissipation @ Tc=25°C 43 Watts 
Derate above 25°C . 0.34 W/°C 
Operating and Storage ie 
Junction to Case Tae TG C 
Maximum Lead Temp. for Soldering - 300 °C 
Purposes, 1/8” from case for 5 seconds f 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.19 mH, Vag=25V, Ra=25N, Starting Tj=25°C 


ELECTRONICS 


N-CHANNEL 
IRF510/511/512/513 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Gharactertic |Win] Typ | Max [Unite] ‘Test Conditions 


Drain-Source Breakdown Voltage 
IRF510/512 


100) 


BVpss 


IRF511/513 fol V = 
Vasith) | Gate Threshold Voltage 4.0 
lass Gate-Source Leakage Forward T—T—]100lna|ver2v OSS 
———— 
bss Zero Gate Voltage }— | — | 250 | pa | Vos=Max. Rating, Vas=OV 
bas | 280 Current ae Vps=Max. RatingX0.8, Veas=OV, Tc=125°C 


On-State Drain-Source Current (2) x 
IRF51 > eeemaln 1 


ore __ Drain-Source On-State 
Resistance (2) 
IRF510/511 Ves=10V, Ilp=3.4A 


lass 


Vps24.1V, Vas=10V 


Vps250V, Ip=3.4A 


Vas=OV, Vps=25V, f=1.0MHz 


eam | oen Capesencs [=| | = | 
Gm | Revers Transtar Gapactance | — [20 | — [or 
Pan [rencnoner ree f= [ral fo 
mee 


pt | =| 

| tao a jas | 

be Ea ns | 

Seren Sel 
(Gate-Source Plus Gate-Drain) , 

Qos Ea ne | 

og = [22] 3.2 | ne | 


Vpp=0.5BVpss, Ip=3.4A, Zo=240 
(MOSFET switching times are essentially 
independent of operating temperature) 


» 
GW 


- 
ie) 


ki 
BSS 
ie) 
onik 


ine) 
“a 


Ves=10V, Ip=5.6A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Gate-Source Charge 
Gate-Drain (‘‘Miller’) Charge 


—_ 


THERMAL RESISTANCE 


Juneion-to-lane Ses 
Case-t-Sink = [os 
Junction-to-Ambient & 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


elwl SS tt™~—S 
[ K/W | Mounting surface flat, smooth, and greased 
| 80 | KW Free Air Operation 
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ELECTRONICS 


IRF510/511/512/513 


N-CHANNEL 


POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


‘Symbol | Characteristic Type n|Typ ve. Max Units Test Conditions 


IRF510 
ls | Continuous Source Current |IRF511 
(Body Diode) IRF512| | 
IRF513 
IRF510; | 
Isy__| Pulse Source Current IRFS1 1 
(Body Diode) 1 IRF512 
IRF513| 
IRF510; | | 
Vsp_ | Diode Forward Voltage 2 wet) 
IRF513 
Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 


5.6 


4.9 


20 


18 


one 


| = [e280 rary 


(2) Pulse test: Pulse width<30Ous, Duty Cycle<2% 


A 


A Modified MOSFET symbol 
showing the integral 
A reverse P-N junction rectifier 


V Tc=25°C, Is=5.6A, Vas=O0V 


Tc=25°C, Is=4.9A, Ves=OV 


Ty=25°C, IF=5.6A, dle/dt=100A/us 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Re 2 


Ls 


z 
suey soueee 


Pah |v 


6.4 


Ft | | fd | 
ee) eeeee 
PVE 


fj eee 


1.6 


—— 4 5 


_ DRAIN-TO- — vourais (VOLTS) 
Typical Saturation Characteristics 


ELECTRONICS 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


8.0 


7.5 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


4.5 6.0 9.0 


10? 


+ on +++ OPERATION IN THIS AREA 
nec IS LIMITED BY Rogjon) 


2 Rinuc =1.67 K/W 
SINGLE PULSE 


100 200 


io. 2 5 10 20 50 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 
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IRF510/511/512/513 


N-CHANNEL 


POWER MOSFETS 


Ztnsc!WRtnsc, NORMALIZED EFFECTIVE TRANSIENT 
Pe Shere eee (eee) THERMAL IMPEDANCE (PER UNIT) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


7 — a 
————— 


— [| 
fl nee a = ~_u ee eee 
en it ie —— eK a 
TE 7 Asi 


regs eggligh SINGLE PULSE (TRANSIENT 


wa THERMAL IMPEDANCE) 


oy ecu ia 
lr TTA Hee att Ht ie aa 
Pantie PE | Hina 

sided 5 10° 10°3 5 107 2 10° 5 1 2 5 10 


ti. SQUARE ee PULSE DURATION gehts 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


1. Duty Factor. pat. 
t 


i 
2. Per Unit Base=Ryjc=6.4 Deg. C/W. 
3. Tyu-Tc=Pom Zinsc (t). 


| on Gann 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


0 08 16 24 32 40 48 56 64 7.2 80 0 0.204 06 08 1.0 1.2 14 16 18 2022 24 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


2.5 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


) 
—40 0) 40 80 120 160 —40 ) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


ELECTRONICS 
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N-CHANNEL 
IRF510/511/512/513 POWER MOSFETS 


Crss=Cgd | | 
| 


Coss =Cds+ Cgs Cod 


Cgs+Cgd 


C, CAPACITANCE (pF) 


100 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


20 30 40 50 


td 


Qg, TOTAL GATE CHARGE (nC) 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ; 9 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


2 Rosion) MEASURED WITH CURRENT 

x= PULSE OF 2.0us DURATION. Leta 
=) INITIAL T,=25°C | 

w (HEATING EFFECT OF 2.0us 

2 PULSE IS MINIMAL) a 

= & 

3 x 

rs < 

z - 

: 
2 

S 3 

3 z 
3} < 

: rs 
= ° 
> 3 

cx 

§ 

a 

o 
. HERE 

fe) 5 10 15 20 25 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ts, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


0) 20 40 60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRF520/521/522/523 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability IRF520/521/522/523 


PRODUCT SUMMARY 


Part Number 
IRF520 


IRF521 


IRF522 


IRF523 


MAXIMUM RATINGS 


Characteristics IRF520  ~=IRF521 ~~‘ IRF522 IRF523. —s« Unit 


Drain-Source Voltage (1) Voss | 100 | 80 | 100 | 80 | Vdc 
Drain-Gate Voltage (Res= 1.0M0)(1) -Yeon_{| 100 | @o_|__so0_| _0_| vac 
Gate-Source Voltage 

Continuous Drain Current Tc=25°C Ip =r ee ee ee 
Continuous Drain Current To= 100°C E 65 | 65 | 56 | 56 | Ado | 
Drain Current—Pulsed (3) 37 | a7 | 82 | 82 Ae | 
Gate Current—Pulsed e ee 5 
sihvais Fldlese Avaiorichne Enaraeed Pg is 
Avalanche Current 
Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage 
Junction to Case 


‘ . W/°C 


Ty, Tstg —55 to 150 
Purposes, 1/8” from case for 5 seconds ie See ee 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.64 mH, Vag=25V, Rg=250, Starting T}.=25°C 


tia 


ELECTRONICS 


Maximum Lead Temp. for Soldering 
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N-CHANNEL 
IRF520/521/522/523 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Gharacteratic [Min] Typ| Max [Units| Test Conditions 


Drain-Source Breakdown Voltage 
a rel |e 
mes [=| = |v 
IRF523 
Vesey | Gato Threshold Votage ——*(20| — | 40 | V | Vos=Vos,o=2500A 
Fess | Gate-Source Leakage Forward | —|— | 100| nA |Vosn20v 
Fess | Gate-Source Leakage Reverse | — | — |=100| na 


Drain Current lee ee | 1000 Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) 
IRF520 9.2 A 
IRF521 
IRF522 A 
IRF523 


Static Drain-Source On-State babel » 
Resistance (2) 
Rpsion) | IRF520 0.26) 0.27) Q 
IRF521 
ies = ba 
| gts | Forward Transconductance | Forward Transconductance (2) 2.7/4.1) — | U |Vps250V,b=5.6A sd 
cas | put Capacitance | | 400] — | oF 
| Goss_| Output Capacitance | — | 130] — | pF 
Gins_| Reverse Transfer Capacitance | —|40| — | oF 
taen [Tun-on Dey Tine «| = [8.8] 19 | ne 
tt [RiseTime | = | 80 | 48 | ns 
ae a 
Fartme SSS = | 20] 90 | nw 
fo ete [Hel 
(Gate-Source Plus Gate-Drain) 
- Qgs_| Gate- Source 'Gate-Source Charge 'Gate-Source Charge ss | — | 2.2 | 3.3 nC 
55 | Gateorain vier) Gharge | — [2.0] 9.4 | no 


THERMAL RESISTANCE 


Symbol | Characteristic | IRFS2O-9 Umit} 


; Mounting surface flat, 
-to-Sink TYP 
Junction-to-Ambient MAX | “KW Free Air Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30Q0us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


Ilp>=250yA 


Vps23.3V, Ves=10V 


Ves=10V, Ip=5.6A 


Ves=O0V, Vos=25V, f=1.0MHz 


Vpp=0.5BVpss. Ip=5.6A, Zo=180N 
(MOSFET switching times are essentially 
independent of operating temperature) 


Veas=10V, Ip=9.2A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


IRF520/521/522/523 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Characteristic |Win] Typ] Wax [Unite] ‘Tost Condiione 


Continuous Source Current 
(Body Diode) 

IRF520 

IRF521 


IRF522 
IRF523 
Pulse Source Current(Body Diode)(3) 


IRF520 
IRF52 1 


IRF522 


Diode Forward Voltage (2) 
IRF520 


IRF52 1 


IRF522 
IRF523 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=9.2A, Ves=OV 


=8.0A, Ves=OV 


=9.2A, dir¢/dt=100A/uS 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


24 


an 
A Ves=10V 


80us Pulse Test 


a sO 
ee CSRS a RS aes 


Ip, DRAIN CURRENT (AMPERES) 
SS 


f°) 10 20 30 40 50 60 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


. ELECTRONICS 
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N-CHANNEL 
IRF520/521/522/523 POWER MOSFETS 


Ves=10V/ Y ZX 
80us Pulse Test Ves=9V 


ine) 


oO 


5 


Ves =5V 
aauuaeeae 
P| Vos= av 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Ves=4V 
0 (eo ee 
1 —— 3 4 5 10 2 5 10 20 50 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


1. Duty Factor p=te 


2 
2. Per Unit Base=Ryyc=3.12 Deg. C/W 
3. Tym—-To=Pom Zinc (t) 


Zthsc(Rtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


107 10° 2 5 1 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


Vos>lpjon) X Rosion) max 
80yus Pulse Test 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 
on 


gfs, TRANSCONDUCTANCE (SIEMENS) 


“" oaiwe: CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF520/521/522/523 


N-CHANNEL 


POWER MOSFETS 


1.15 


(NORMALIZED) 
° 
ce) 
on 


-TO- REAKDOWN VOLTAGE 


Rosion,» DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


Cgs+Cgd 
=Cds+Cgd 


10 20 30 40 50 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Ci: [| th 


{| | tty yt 
phe 
| Le er 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL T,=25°C. (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


0 10 20 30 40 50 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


SNe 
CCC ENG 
COTE 
SeeeSeeReA 
COP Pere 


25 50 100 1 = 1 | 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 


120 


N-CHANNEL 
IRF520/521/522/523 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 
--S 
Oo 


20 XI 


6) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


PSIMSUNGg : 
ELECTRONICS 


IRF530/531/532/533 N-CHANNEL 
IRFP130/131/132/133 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Part Number 


IRF530/IRFP 130 | 
+ 
| IRF531/IRFP131 


IRFP130/131/132/133 


| IRF532/IRFP132 


a IRF533/IRFP133 


MAXIMUM RATINGS 


IRF530 IRF531 IRF532 IRF533 


Characteristics IRFP130 | IRFP131 | IRFP132 | IRFP133 


Drain-Source Voltage (1) 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage ‘ 
Junction to Case Ty, Tstg C 
Maximum Lead Temp. for Soldering - 
Purposes, 1/8” from case for 5 seconds ii 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width®300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.53 mH, Vag=25V, Re=25N, Starting T;=25°C 


ELECTRONICS 


IRF530/531/532/533 N-CHANNEL 
IRFP130/131/132/133 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [Win] Typ [Max [Unite] Test Conditions 


Drain-Source Breakdown Voltage 
IRF530/IRFP 130 
IRF532/IRFP132 


IRF531/IRFP131 
IRF533/IRFP 133 


Gate Threshold Voltage 
Gate-Source Leakage Forward 100 

9 op eT 

_oeannn = [= fae 


Drain Current | — | 1000 | yA. Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current == 
IRF530/IRFP130 

23. = 
IRF531/IRFP131 Vos?3.2V, Vas=10V 
IRF532/IRFP132 16 P 
IRF533/IRFP133 


IRF532/IRFP 132 


IRF533/IRFP 133 


cas [input Capactence =| — [o40| — | oF 

Goss _| Output Capacitance | — | 240| — | pF | Vos=0V, Vos=25V, t= 1.0MH2 

Cr_| Reverse Transfer Gapactance | — | 72 | — | oF _ 

en |Tun-on dey tine [=| 10.| 98 | os | cava wou on zoctan 

t [RiseTime | — | 84 | 51 | os | (MOSFET switching times are essentially 

eee independent of operating temperature) 
ty | Fall Time pe 


Total Gate Charge 17 26 
rac -Source Plus Gate-Drain) Ves=10V, Ip=14A, Vps=0.8 Max. Rating 


- Qygs_| Gate- Source Charge Gate-Source Charge  ==ss§-§s«| — | 3.7 | 5.5 nc_ | (Gate charge is essentially independent of 


operating temperature. ) 
5s | GateDran (wile) Charge | — | 7 | 11 | nc 


THERMAL RESISTANCE 


— es Mounting surface flat, 
smooth, and Pree 
Junction-to-Ambient ae KW Free Air | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


Static Drain-Source On-State 
Resistance (2) 
Rpsjon) | IRF530/IRFP130 0.10}0.16 | Q | Ves=10V, Ilp=8.3A 
IRF531/IRFP131 
0.16 


IRF530/531/532/533 N-CHANNEL 
IRFP130/131/132/133 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Characteristic [in| Typ | Wax [Unite] Test Condon 


Continuous Source Current 
(Body Diode) 
IRF530/IRFP 130 
IRF531/IRFP131 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Pulse Source Current(Body Diode)(3) 


Ism IRF530/IRFP 130 
IRF531/IRFP131 


IRF532/IRFP 132 48 A 
IRF533/IRFP 133 


Diode Forward Voltage (2) 
Vsp_ | IRF530/IRFP130 
IRF531/IRFP131 


IRF532/IRFP132 23 V 
IRF533/IRFP 133 . 
Reverse Recovery Time | — [120] 250 | ns | T)=25°C, IF=14A, dir/dt=100A/~uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Tc=25°C, Is=14A, Ves=OV 


Tc=25°C, Is=12A, Ves=OV 


20 


80us Pulse Test 
Vos>loion) * Rosion) max 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


> / 
a) A 
_ | Ly | [| 


9 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


ELECTRONICS | 


IRF530/531/532/533 N-CHANNEL 
IRFP130/131/132/133 POWER MOSFETS 


Ves=1 ov / 


a A EE SE) (ST 


=e 


= anenee. NX 
10-54 or ee. * 


ONT aihs* A oon 


Stiinta 


Le) 


Ip, DRAIN CURRENT (AMPERES) 
o 


on 


0 0.4 0.8 1.2 1.6 2.0 1.0 10 20 50 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ” ee DRADLTO-AOUNCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


So 
SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 


1. Duty Factor. p=te 


t. 
2. Per Unit Base=Ryjc=1.67 Deg. C/W. 


Oe S receereetact 
LT ica TAT | 


1075 5 10~ 10° 5 107 2 107 2 5 1 2 5 10 
ti. SQUARE waite PULSE DURATION icone 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Ztnsc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


rr a a 
—— — ~ 


Vos? loon % Rosion 
80 us Pulse Test 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


2 2.5 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF530/531/532/533 
IRFP130/131/132/133 


1.25 


1.15 


BVposs. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


C, CAPACITANCE (pF) 


Cd 
10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voitage 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL T,=25°C. (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


Pt tT tT ttt yt 
tt At 


Ves= 20V 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


ELECTRONICS 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) (NORMALIZED) 


Ip, DRAIN CURRENT (AMPERES) 


N-CHANNEL 
POWER MOSFETS 


2.5 


Pf tt tT TT | Ty 
pi tt tT tt ty 
Pf} T tT et | yl 
cee 4a 


2.0 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


a YA | | | 
a - 4sneen 
BARREEERE 

AL} | tt | tt 
AGREE EERE 


fe) 
40 
"be TOTAL GATE CHARGE (ney 
Typical Gate Charge Vs. Gate-To-Source Voltage 


15 


25 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRF530/531/532/533 N-CHANNEL 
IRFP130/131/132/133 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


Oo 160 


rve 


4 60 80 100 120 14 
Tc, CASE TEMPERATURE (°C) 
ure Derating Cu 


Power Vs. Temperat 


ELECTRONICS 


IRF540/541/542/543 
IRFP140/141/142/143 


N-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 
Fast switching times 


Lower input capacitance 


PRODUCT SUMMARY 


[> = 0 
Part Number | Vos Rosion) Ip 


Improved inductive ruggedness 


Extended safe operating area 
Improved high temperature reliability 


0.0772 


Rugged polysilicon gate cell structure 


28A 


IRFP140/141/142/143 


| IRF540/IRFP 140 | 100V 
— az —- =| 
IRF541 IRFP141 80V ide lla 28A 
IRF542. IRFP142 100V | 0.102 25A 
IRF543/IRFP143 80V | 0.1009 25A 
MAXIMUM RATINGS 
| 
— IRF540 IRF541 IRF 542 IRF543 ‘ 
Characteristics Symbol | Unit 
IRFP140 | IRFP141 | IRFP142 | IRFP143__ 
Drain-Source Voltage (1) Voss 100 80 100 | 80 | Vdc 
Drain-Gate Voltage (Ras=1.0MQ)(1) VpGR 100 80 100 80 Vdc 
| Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc=25°C Ip 28 25 Adc 
Continuous Drain Current Tc=100°C lo 20 20 Adc 
Drain Current—Pulsed (3) lpm 110 110 Adc 
Gate Current—Pulsed | Iam 15 Adc 
Single Pulsed Avalanche Energy (4) Eas 230 
Avalanche Current las __| 28 
Total Power Dissipation @ Tc=25°C Pp 125 Watts 
Derate above 25°C L 1.0 W/°C 
Operating and Storage _ 5 
Junction to Case Ty, Tstg oa 1 190 C 
Maximum Lead Temp. for Soldering : 
Purposes, 1/8” from case for 5 seconds ui 300 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.44 mH, Vgg=25V, Ra=25N, Starting Tj=25°C 
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IRF540/541/542/543 N-CHANNEL 
IRFP140/141/142/143 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [win] Typ | Max [Unite] ‘Test Conditions 


Drain-Source Breakdown Voltage 
BV IRF540/IRFP140 100 V 
PSS | IRF542/IRFP1 42 


IRF541/IRFP141 
IRF543/IRFP143 


eam | Gate Treshow votage —*(20| — | 40 | V |Vos=Vosb=25QA 
Fess | Gate-Source Leskage Forward | —[—|100| mA |Vosmzov 
lass | Gate-Source Leakage Reverse — /—|-100] nA |Ves=-20V0—— si (isi‘;™*SC‘*™Y 
Zero Gate Voltage }— | — | 250 | pa | Vps=Max. Rating, Ves=OV 

Drain Current /— | — |1000] pa | Vps=Max. RatingX0.8, Vas=OV, Tc=125°C | 


On-State Drain-Source Current (2) 

IRF540/IRFP 140 28 A 
IRF541/IRFP141 

IRF542/IRFP142 25 A 
IRF543/IRFP143 


Static Drain-Source On-State 

Resistance (2) 

IRF540/IRFP140 0.077} Q 

IRF541/IRFP141 

Usdicipeghillitei 

gts | Forward Transconductance (2) aap Vps250V, Ip=17A 
Input Capacitance i 1500 | — | pF | 
Output Capacitance /—|500} — | pF | Ves=OV, Vps=25V, f=1.0MHz 
Reverse Transfer Capacitance /—|90] — | pF | 
Turn-On Delay Tie f= fas [23 [ne | yam poco an 


Ce [Rete 72 | 110 | ns_| (MOSFET switching times are essentially 
ie Turn-Off Delay Time independent of operating temperature) 


Fall Time 


Ves=0V 
Ip=250yuA 


Ipss 


Vps22.8V, Ves=10V 


Ves=10V, Ip=17A 


Ves=10V, IlIp>=28A,Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature.) 


a RESISTANCE 


Rthcs Case-to-Sink Mounting surface flat, 
smooth, and greased 


Junction-to-Ambient pS K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300Ous, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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IRF540/541/542/543 N-CHANNEL 
IRFP140/141/142/143 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min | Typ | Max |Units Test Conditions 
Continuous Source Current 
(Body Diode) 
IRF540/IRFP140 28 A 
IRF541/IRFP141 
IRF542/IRFP142 25 A 
IRF543/IRFP143 
Pulse Source Current(Body Diode)(3) 
IRF540/IRFP140 170 A 
IRF541/IRFP141 
IRF542/IRFP142 
1 
Diode Forward Voltage (2) 
IRF540/IRFP140 2.5 V 
IRF541/IRFP141 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=28A, Ves=OV 


IRF542/IRFP142 ; : - 
IRF543/IRFP143 -|-Jes]v Tc=25°C, Is=25A, Ves=O0V 
Reverse Recovery Time | Reverse Recovery Time —‘| — |180| 300 | ns | Tj=25°C, IF=28A, dif/dt=100A/p~S 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


50 
mate | | | | 
Vos=9v | 


8Oys Pulse Test ee +—}— 


: Vos? lovon) *Rosion) max 
_ 40 
5 _ 
< i 
wi c 
ao W 
= = 
3 < 30 
— 
: : 7 -_ 
ia WwW 
c ce 
5 og 
: : a 
O 20 
z 
z z 
: = | | | fF | |] | 
x « 
E F if | | 
= x) 
10 
fe) 10 20 30 40 50 60 2 6 8 10 12 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


en” “ 
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IRF540/541/542/543 N-CHANNEL 
IRFP140/141/142/143 POWER MOSFETS 


' 7 =) oe 
-——} 100us 
Jane 
Raa eas) 


cedoniom sche ol 
a 
= names 
i i ee 


. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


1.0 10 20. 50 100 200 500 
Vos, DRAIN-TO- — eae ona Vos, cea ianaae VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


[SoSH SSE See SSH SHH 


1c Siitiae enn EO 


0.2 
0.1 Se go os aan 
tr | 
0.05 : 
aS “SINGLE PULSE (TRANSIENT +—+—_+ | | 1 UI) : 
eal Th THERMAL Sane il 1, Duty Factor. p= 


tr. 
2. Per Unit Base=Ryyc=1.0 Deg. C/W. 


Seu Stan BEST Po" 


10°5 10“ 1a" 5 107 2 5 10° 2 5 1 2 5 10 
ti. SQUARE ov PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


o 
[o) 


Zthuc(t/Rtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


° 
ro) 
—_ 


80us Pulse Test 


Vos? loon % Rosion max 


gfs, TRANSCONDUCTANCE (SIEMENS) 


0 0.4 0.8 1.2 1.6 2.0 2.4 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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IRF 540/541 /542/543 N-CHANNEL 
IRFP1 40/1 41/142/143 POWER MOSFETS 


0.85 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
-—40 0 40 80 120 160 —40 0) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Crss=Cgd 


Coss=Cds+ CgsCgd __ 


=Cds+Cgd 


C, CAPACITANCE (pF) 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


fe) 20 40 60 80 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


PULSE OF 2.0us DURATION 
INTIAL T)= 25°C 


(HEATING EFFECT OF 2.0ys 
PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 20 40 60 80 100 25 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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IRF540/541/542/543 N-CHANNEL 
IRFP140/141/142/143 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


urve 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating C 
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N-CHANNEL 
IRF610/611/612/613 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF6 10/61 1/612/613 


PRODUCT SUMMARY 
Part Number | Vos | Rosion | to 


MAXIMUM RATINGS 


Characteristic | Symbol | IRF610 | IRF611 | IRF612 | IRF613 | Unit 

Drain-Source Voltage (1) 

__Drain-Gate Voltage (Res=1.0M9)(1) | Vogr_ | 200 
Vdc 


O 
O 
Gate-Source Voltage Ves 


Continuous Drain Current Tc=25°C Ip 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) tw | 8 | 8 | 65 | 65 | Ad 
tom | 
Eas | 


Gate Current—Pulsed 
Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C Watts 
Derate above 25°C W 


: 
|: 
oy) 
> 


Iam 
Eas 


O 
oO 


Operating and Storage 
Junction to Case 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=6.4 mH, Vag=50V, Rg=250, Starting Tjx=25°C 


° 


° 
O oO 
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ELECTRONICS 


N-CHANNEL 
IRF610/611/612/613 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Gate Threshold Voltage 2.0] — | 4.0 | V | Vos=Ves, In=250yA 
Gate-Source Leakage Forward Ves=20V 
Gate-Source Leakage Reverse —100! nA | Ves=—20V 


Zero Gate Voltage Fae Vos=Max. Rating, Ves=OV 
Drain Current | see | 


Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 3.3 
IRF610/611 , 


io) 
ie) 
io) 


Vps27.9V, Ves=10V 


Static Drain-Source On-State 
Resistance (2) 


IRF6 10/611 Ves=10V, Ip=1.6A 


Vps250V, Ip=1.6A 


Ves=OV, Vos=25V, f=1.0MHz 


Cas [Input Capaciance | — [180 


Output Capacitance 


Reverse Transfer Capacitance 
Turn-On Delay Time 


= 
= 
= 
La 


Tv |U |B 


Vpp=0.5BVpss, Ip=3.3A, Zo=500 
(MOSFET switching times are essentially 
Turn-Off Delay Time independent of operating temperature) 


Fall Time 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) , Ves=10V, Ilp=3.3A, Vps=0.8 Max. Rating 


Gate-Source Charge (Gate charge is essentially independent of 
operating temperature.) 
Gate-Drain (‘Miller’) Charge nc | 


THERMAL RESISTANCE 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


KW 
Mounting surface flat, smooth, and greased 


Le ae 
fe Oa] | 
=| = | 80 [Kw] Free Ai Operation 
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ELECTRONICS 


IRF610/611/612/613 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Notes: (1) Ty=25°C to 150°C 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Symbol Characteristic Type |Min|Typ| Max |Units Test Conditions 
| IRF610; _— | | a3 | a 
Is Continuous Source Current |!IRF611| | 
Body Diode 
ay See) IRFO12) | _ | 96 | A | Modified MOSFET symbol 
IRF613 i 
or showing the integral 
IRF610; | gi) a_| reverse P-N junction rectifier 
Igq | Pulse Source Current IRF611 | | 
(Body Diode) (3) IRF612 _\6e5ia 
IRF613 , 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


“LETT TTT ae 


e) 1.0 2.0 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Typical Saturation Characteristics 


w 
fe) 
ia Na 
Ip, DRAIN CURRENT (AMPERES) 


Tc=25°C, Is=3.3A, Ves=OV 


Tc=25°C, Is=2.6A, Vas=OV 


Ty=25°C, IF=3.3A, dir/dt=100A/us 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 
Vos>loyon) % Rosion) max 


Ip, DRAIN CURRENT (AMPERES) 


0 1.5 3.0 4.5 6.0 7.5 9.0 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


Baaae HH 
ae cee 
Mt atull 


IRF611,3. 
IRF610,2! DC 
5.0 1.0 2 5 10 20 50 100 200 500 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


ELECTRONICS 
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IRF610/611/612/613 


N-CHANNEL 
POWER MOSFETS 


T rr 
SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 


ZthucRinsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


, ill 
er ttt saaes 
Se. Siteemetttt 


1. Duty Factor. p=t. 


bg 
2. Per Unit Base=Rinjc=6.4 Deg. C/W 
3. Tim—Tco=Pom Zinc (t). 


01 
1075 5 10:* 2 5 10°? 

t1. SQUARE WAVE PULSE DURATION (SECONDS) 

Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


gfs, TRANSCONDUCTANCE (SIEMENS) 


3 a 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transcounductance Vs. Drain Current 


1.15 


o 
© 
oO 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


2 


5 


mt 
iil 


10° 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


2 


10? == 


5 107 2 5 1 2 5 10 


O 1 2 3 4 5 6 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


pit | tt tt 

pi} tt tt Tr 

pi} tt tT A 
Eee Za 


4 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 
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IRF610/611/612/613 


N-CHANNEL 


POWER MOSFETS 


C, CAPACITANCE (pF) 


Rosion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Pp, POWER DISSIPATION (WATTS) 


Ciss=Cgs-+Cgd, Cds SHORTED 
Crss=Cgd | | 


Cgd 
Goss= cde Oe. 


Cgs+Cgd 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Rosjon) MEASURED WITH CURRENT PULSE OF 
2.Ous DURATION. INITIAL T;=25°C. (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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N-CHANNEL 
IRF620/621/622/623 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF620/621/622/623 


PRODUCT SUMMARY 


IRF621 


IRF622 


=—— sae 
IRF623 150V 


MAXIMUM RATINGS 


Characteristics 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MM)(1) 
Gate-Source Voltage 


_— 


Continuous Drain Current Tc=25°C 


| Continuous Drain Current Tc=100°C 
| Drain Current—Pulsed (3) 
| Gate Current—Pulsed 

| Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
[ Derate above 25°C 
Operating and Storage 
Junction to Case 
Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=5 mH, Vgg=50V, Re=250, Starting Tjx=25°C 


| 


139 


ELECTRONICS 


N-CHANNEL 
IRF620/621/622/623 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol | Characteristic =| Min Typ | Max [Units Test Conditions 


Drain-Source Breakdown Voltage 
IRF620 
IRF621 


Ip=250yuA 
IRF622 
150 
IRF623 180 
Vasith) | Gate Threshold Voltage 2.0 Vos=Ves, Ip=250uA 
lass_ | Gate-Source Leakage Forward Ves=20V 
lass_ | Gate-Source Leakage Reverse — |-100 Ves=—20V 


Zero Gate Voltage ee 250 Vos=Max. Rating, Vas=OV 
Grain: Roureent = | 1000 Vps=Max. RatingX0.8, Ves=OV, To=125°C 


200 Ves=O0V 


BVoss 


On-State Drain-Source Current (2) 
IRF620 
IRF621 


IRF622 
IRF623 


oO 
oO 


ID(on) Vps26V, Ves=10V 


Static Drain-Source On-State 


Resistance (2) 
IRF620 
IRF621 


IRF623 
Ciss 
b 


taoft) | Turn-Off Delay Time 


Rpsvon) 


on 
8 


Vpop=0.5BVpss, Ip=2.5A, Zo=500 
(MOSFET switching times are essentially 
independent of operating temperature) 


(Gate-Source Plus Gate-Drain) 


THERMAL RESISTANCE 


— Canedn-Sink . K/W Mounting surface flat, 
smooth, and greased 
RthJa Junction-to-Ambient MAX Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ees 


ELECTRONICS 


—_ 


Ves=10V, Ilp=6.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


60 | 
28) 18 nC 
rao] — [6 

= 


8.5 


iy 
7) 


— a 
W oO 
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N-CHANNEL 


IRF620/621/622/623 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic ‘Min| Typ | Max |Units Test Conditions 


Ism 


Vsp 


Notes: 


Ip, DRAIN CURRENT (AMPERES) 


Continuous Source Current 

(Body Diode) 

IRF620 — 
IRF621 


IRF622 
IRF623 | 


Modified MOSFET symbol 


Pulse Source Current(Body Diode)(3) 
IRF620 — 
IRF621 


IRF622 
IRF623 


Diode Forward Voltage (2) 
IRF620 
IRF621 


IRF622 
IRF623 


(1) Ty=25°C to 150°C 


showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=5.0A, Ves=OV 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


an ee ee ee et 
40 60 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80 100 120 


Ip, DRAIN CURRENT (AMPERES) 


|| 


Lbs | 0 dis ~ 


(a 
ee SS 
| 


Vos>loyon) % Rosion) max 


T,=125°C | 
T,=25°C) 
NJ 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


én 
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IRF620/621/622/623 


N-CHANNEL 


POWER MOSFETS 


Zenscl/Rehuc, NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


Ip, DRAIN CURRENT (AMPERES) 


gts, TRANSCONDUCTANCE (SIEMENS) 


“105 5 10% 2 5 10° 2 5 107 2 5 10° 2 


10? rr 
ae a) an Si a 
aT |e) eA es Be 
5 =a eeeteas oH H OPERATION IN THIS ARE 
ae fi / <_ THT 'S EMITED BY Rosiom 1-H 
y/ 17 CTT e apie mre tH 
Sen/A ; TO SITS SS UT 
VA | || ves=6v_ = 10F— a Tit at anaes 
< f aS eetee es aeees 
- 
Po : eet 
of ae 
$$ ne come z . 
< 
IAT] | |b ohtreeel 
ff -~— s 
f 5 == os co 
‘ LTS nual 
. CT TaD UE 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


10 2 5 10 20 
Vos, DAAINTOSSOURCE VOLTAGE (VOLTS) 


100 200 500 


Typical Saturation Characteristics Maximum Safe Operating Area 


. — Ss 
— 


ee eee ee eee eee ~—_ 
a see = _ sae ———aneaie 
| al 


sastiiS Zag SINGLE PULCE (TRANSIENT 
\r~ 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 


1 Duty Factor p= 


2. Per Unit Base=Rrnjc= 3.12 Deg. C/W 
3. Taw-To=Pom Zinsc (t) | 
1 


2 


Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


3 4 


2 4 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Typical Transconductance Vs. Drain Current 


Typical Source—Drain Diode Forward Voltage 


ELECTRONICS 


IRF620/621/622/623 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Vos= 100V J \. 
os = 160V 


C, CAPACITANCE (pF) 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


) 4 8 12 16 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 5 10 15 20 25 25 50 75 100 125 150 
; Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


N-CHANNEL 
IRF620/621/622/623 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


PSamsunig _ 


N-CHANNEL 
IRF624/625 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF624/625 


PRODUCT SUMMARY 
___PartNumber | Vos_| Rosten) | lo _| 


MAXIMUM RATINGS 


Characteristic | Symbol | IRF624 | IRFG25 | Unit __ 
Ves dc 
Continuous Drain Current To=25°C | | | de 
Continuous Drain Current To=100°C | to | || 
Drain Current—Pulsed (3) | tw | 18 | 
Gate Current—Pulsed | tow | 


Avalanche Current 


IGM 
Total Power Dissipation @ Tc=25°C 40 
Derate above 25°C 0.32 


dg 


Qa. 


| 

== > 

o lo le Ble l2 
On 


Operating and Storage - 
Junction Temperature Range Tstg ee tee 
Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=12 mH, Vag=50V, Ra=25Q, Starting T=25°C 


300 


=k 
ow 
Ol 


ELECTRONICS 


N-CHANNEL 
IRF624/625 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [Win] Typ | Max [Unto] Test Conditions 


BVpss | Drain-Source Breakdown Voltage V Ves=OV 
Ip=250yuA 


|Vosin) | Gate Threshold Voltage | 2.0| — | 4.0 | V | Vos=Vos, lo=250uA 
-toss_| Gate-Source Leakage Forward | — | — | 100 | na 
toss _[ Gate-Source Leakage Reverse | — | —|-100| na |vosm—20V 
Zero Gate Voltage — | — | 250 | A | Vos=Max. Rating, Ves=OV 


Drain Current Vos=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) 
ID(on) (| IRF624 3.8 A 
FERS aa]—|— [a] 
Static Drain-Source On-State 14 Q 
Resistance (2) IRF624 
IRF625 -|-| 15] 9 | 
Forward Transconductance (2) Vos250V, Ilp=1.9A 


ot | | 
Input Capacitance | | oF 
Output Capacitance [| 


oF 
Reverse Transfer Capacitance 


loss 


Vps25.7V, Ves=10V 


Ves=10V, Ilp=2.1A 


) 


Ves=OV, Vos=25V, f=1.0MHz 


tony | Turn-On Delay Time 
} taony | Turn-Off Delay Time 
ot | Fall Time 


Vpp =0.5BVpss, Ip=3.8A, Zo=18N 
(MOSFET switching times are essentially 
independent of operating temperature) 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) Ve6s=10V, Ilp=3.8A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 


operating temperature.) 


— |W 
— if —_ ie) 
on}; oO 
Ae) 
% 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 


aawl 


Mounting surface flat, smooth, and greased 
K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRF624/625 | POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Symbol] __Characteristic_| Type |Min|Typ| Max (Units, Test Conditions 


Continuous Source Current IRF624 —|-]ss| a | 


(Body Diode) 
IRF625| — | — | 3.3 | V_ | Modified MOSFET symbol 


showing the integral 
reverse P-N junction rectifier 


V 
= |=] 18 | v | Tc=25°C, s=3.8A, Ves=ov 
| tr [Reverse Recovery Time | | — [180] — | ns | 1y=25°C, Ir=3.8A, dir/dt=100A/us 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Pulse Source Current 
(Body Diode) (3) 


PT veses.sy |_| 


rit tT tT PT tT Tt 
[ 


Ip, DRAIN CURRENT (AMPERES) 


ae ee 


a a GS eG 
2 i a ee eee wees ee eel eee Ber en 


Ip, DRAIN CURRENT (AMPERES) 


) 20 40 60 80 100 120 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


10? 


80us Pulse Test enh eet eee 
PERATION IN THIS AREA 551 meses: 

5,|-——1_S LIMITED BY Rosjon) A ot 

ia atin | = aii HH ar ae Yd 
on) 4a ; eee 
zu : AS i all 

nD AS HPSS 


yt 
AT TT 


I, 


‘Prrrtrttitl i 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


| i ——} tee | 
ones tiened pee ees: 
2 
oe SN fey eA CE 0.1 
) —— oe 6 8 10 1.0 2 5 10 20 50 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRF624/625 


N-CHANNEL 


POWER MOSFETS 


ai 


H-D=0.5-- 14 ——— 
——— et ttt ot 

rt | Tt ttt Lt Se =a 

| o=o.2 | iii =aesmat 

es SD DS OS il 


Ztnsct/Rthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
fo) 
nm 


a 
Tes 0A 
eet Cec ch 


80yus Pulse Test 
Vps>lpon)XRosion) max 


gfs, TRANSCONDUCTANCE (SIEMENS) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Oe | | 


THERMAL IMPEDANCE) 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transcounductance Vs. Drain Current 


120 


h. suena fae nie (°C) 


Breakdown Voltage Vs. Temperature 


160 


5 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 


LETTE TT AME PY 
CET 
4 
eset 
ee 
LT = HUTT TT TT td 
penne aeaniiniE TU Tt 


i eRe 
60". arr ro 
cm SINGLE PULSE (TRANSISENT A 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


(NORMALIZED) 


a, 


1. Duty Factor, D=— 


2. Per Unit sascha, sath 4 Deg. C W. 
3. Tyw-To=Pom Zinc (t). 


5 10 
ti. SQUARE WAVE PULSE DURATION fees cise. 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


2.5 


a very || 
Tit Try 


-40 120 160 


. keen TEMPERATE (°C) 
Normalized On-Resistance Vs. Temperature 


LECTRONICS 
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IRF624/625 


C, CAPACITANCE (pF) 


a a 
a ______ 


10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


20 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Pp, POWER DISSIPATION (WATTS) 


80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


N-CHANNEL 
POWER MOSFETS 


Seam 2an 
aaauey Une 


CEA 
CP fete 
2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


0) 
25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRF630/631/632/633 N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 
__PartNumber | Vos_| Rosion)_ 


IRF630/IRFP230 200V 0.40 | 9.08 | 


0.40 9.0A 


IRFP230/231/232/233 


MAXIMUM RATINGS 


IRF630 IRF631 IRF632 IRF633 


Characteristics IRFP230 | IRFP231 | IRFP232 | IRFP233 


Drain-Source Voltage (1) 


Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 
Gate Current—Pulsed 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


—5§5 to 150 
Maximum Lead Temp. for Soldering 300 °C 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=4 mH, Vag=50V, Rg=250, Starting T=25°C 


ELECTRONICS 


_ IRF630/631/632/633 N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [Min] Typ] Max [Unite] Tat Gondiions 


Drain-Source Breakdown Voltage 
BVnce | [RFE30/IRFP230 Vv 
OSS | IRF632/IRFP232 
IRF631/IRFP231 
Gate Threshold Voltage '2.0| — | 4.0 | Vv | Vos=Ves, lo=250uA 


Gate-Source Leakage Forward Ves=20V 
Gate-Source Leakage Reverse Ves=—20V 


Zero Gate Voltage os=Max. Rating, Ves=OV 
Drain Current 


os=Max. RatingX0.8, Ves=OV, Tc=125°C 


Ves=O0V 


Ip>=250puA 


< 


On-State Drain-Source Current (2) 


IRF630/IRFP230 
IRF631/IRFP231 


IRF632/IRFP232 
IRF633/IRFP233 


Static Drain-Source On-State 
Resistance (2) 


Vos25.4V, Ves=10V 


IRF630/IRFP230 


Ves=10V, Ilp=5.0A 
IRF631/IRFP231 


IRF633/IRFP233 
: 
7 
; 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


; Mounting surface fiat, 
Rtncs Case-to-Sink 1.0 0.24 smooth, and greased 
Junction-to-Ambient | MAX | 80 40 Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


tomer 


ELECTRONICS 


oO 


Vps250V, Ip=5.0A 


Ves=0V, Vos=25V, f=1.0MHz 


?) 


= IN 
nm 1a 
oO | © 


Vpp=90.5BVpss, Ip=5.0A, Zo=150N 
(MOSFET switching times are essentially 
independent of operating temperature) 


?) 


Ves=10V, Ip=12A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature.) 


3 Ss ne) 


> 
a 
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IRF630/631/632/633 N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Test Conditions 


Characteristic 


Continuous Source Current 


(Body Diode) 
Is IRF630/IRFP230 —|—- 9.0 A 
IRF631/IRFP231 
| | nL a eee 
IRF632/IRFP232 


IRF633/IRFP233 Modified MOSFET symbol 
showing the integral 


reverse P-N junction rectifier 


Pulse Source Current(Body Diode)(3) 
IRF630/IRFP230 
IRF631/IRFP231 


IRF632/IRFP232 
IRF633/IRFP233 


Diode Forward Voltage (2) 
IRF630/IRFP230 
IRF631/IRFP231 


IRF632/IRFP232 _|_—|la4e] vy 
IRF633/IRFP233 . 
Reverse Recovery Time _ '450/ — | ns_ Tj=150°C, IF=9.0A, dir/dt=100A/~uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Tc=25°C, Is=9.0A, Ves=OV 


Tc=25°C, Is=8.0A, Ves=OV 


80us Pulse Test 
: a | 
a _ 
wl rf 
wi x 
a Lu 
= = 
< < 
= -— 
z Fe 
c ud 
c c 
5 c 
o 3 
z z 
C-¢ _— 
= < 
5 a 
6 rs) 
0) 20 40 60 80 100 120 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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ELECTRONICS 


IRF630/631/632/633 N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


IS LIMITED BY Roson; 
T 


ir 
N a 
| u 
hm | A iN 


Ip, DRAIN CURRENT (AMPERES) 
uo 
= 
Wit 
d au 


Ip, DRAIN CURRENT (AMPERES) 


T,=150°C MAX. 
Rthuc = 1.67 K/W 
SINGLE PULSE 


TT N 
Bittle & 


Lt tt 
HITT 
10 2 5 10 20 50 100 200 500 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


TT os 
Mme | | Tit iil | 


= 
| SINGLE PULSE (TRANSIENT 


a 
<< Ldonil 
Een cet 
TT | | - 1. Duty Factor. pate 


HT tT ET ET 7 
2. Per Unit Base=Ryjc=1 6 7Deg. C/W 
SauiiitisetiNiamati tii 
107s 5 107 2 5 10°8 2 5 107 2 5 10° 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


THERMAL IMPEDANCE (PER UNIT) 


Ztnsc(tWRthuc, NORMALIZED EFFECTIVE TRANSIENT 


10? 


on 


=f 
oO ine) 


- 
=~ 


all 


_ 
HT 


Le) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 
oO 


gts, TRANSCONDUCTANCE (SIEMENS) 


i fs GE Ge, Ee ee Ge 
as # ae Rey ES ED ES 
=== — 
a 
5 = m aes 
az < e a Sa ae 
80ps Pulse Test Ei. at ee ee ee ee 
Yat a a a 
2 Rm Joh 


| 


0.1 
0) 1 2 3 4 5 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF630/631/632/633 N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


i x 
Pt tt TT | | ee | 
ee 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rosjon), ORAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 
Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


9) 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


a 
= 
r 
° 
r 8 
z v4 
- c 
o a 
A = 
« =< 6 
z 3 
w 3 
s) « 
: 3 
fe) z * 
: i 
= 
_ ) 
3 s 
z 2 
$ 
? pilitijiitt{i\ 
id 
a = 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


IRF630/631/632/633 | N-CHANNEL 
IRFP230/231/232/233 POWER MOSFETS 


COIN 
COCENCEE 
Snes 
SeRRRENE 
CCCP] 


cone jaaties * 
Po wate ‘Temperatur e Derating Curve 


Pp, POWER DISSIPATION (WATTS) 


ELECTRONICS 


IRF640/641/642/643 N-CHANNEL 
IRFP240/241/242/243 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 
___PartNumber_ | Vos_| Rosen) | to_| 


IRF640/IRFP 140 
fora | ek 
‘oxen | 10h 
fozen | 10h 


IRFP240/241/242/243 


IRF641/IRFP241 
—— 
IRF642/IRFP242 


a 


IRF643/IRFP243 


MAXIMUM RATINGS 


Characteristics IRF640 IRF641 IRF642 IRF643 


200 

_Drain-Gate Voltage (Res=1.0MM)(1)__|_Vocr_| 200 | 150 | 200 Vde 

Cate-Source Votage Ves +20 

Continuous Drain Current To=25°C | to Adc 

Continuous Drain CurentTo=100°C | tm | | tt | 10 | 100 
tow 
Eas 


IRFP240 | IRFP241 IRFP242  IRFP243 


Drain Current—Pulsed (3) 
Adc 


Gate Current—Pulsed 
Single Pulsed Avalanche Energy (4) 


Avalanche Current las 


Total Power Dissipation @ Tc=25°C 125 Watts 
Derate above 25°C 1.0 W/°C 


Operating and Storage _ 

Junction to Case Ty, Tstg ae 50 Ta 
Maximum Lead Temp. for Soldering 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


(4) L=2.7 mH, Vag=50V, Re=25N), Starting T,=25°C 


tela 


ELECTRONICS 
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IRF640/641/642/643 N-CHANNEL 
IRFP240/241/242/243 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic ‘Min| Typ | Max |Units Test Conditions 


_ Drain-Source Breakdown Voltage 
BVnce  [RFO4O/IRFP240 200 
OSS IRF642/IRFP242 
IRF641/IRFP241 = 
_IRF643/IRFP243 


Vasith) | Gate Threshold Voltage eae Vos=Ves, Ip=250yuA 
lass | Gate-Source Leakage Forward | | | 100 | nA | Ves=20V 
lass | Gate-Source Leakage Reverse | — | — |=100] na | Ves=—20V 


Zero Gate Voltage /—| — | 250 | ya | Vos=Max. Rating, Vas=OV 
Drain Curren /— | — |1000| pA | Vos=Max. RatingXx0.8, Ves=OV, To=125°C 


On-State Drain-Source Current (2) 

IRF540/IRFP240 18 —~ | A 
| Vps24.0V = 
Pion) | IRF541/IRFP241 mae : Ves=10V 
IRF542/IRFP242 1 a 
IRF543/IRFP243 


Static Drain-Source On-State 

Resistance (2) 
Rosjion) | IRF640/IRFP240 0.13}0.18} 0 | Ves=10V, Ip=10A 

IRF641/IRFP241 

PG sain Pete 

gts | Forward Transconductance (2) wooS Vps250V, Ip=10A 
input Capactance [= [oo] — [oF | 
Output Capacitance ee [ago | se | pF | Vas=OV, Vos=25V, f=1.0MHz 
Reverse Transfer Capacitance /—|o5| — | pF | 
Turn-On Delay Time /— | = | 30 | as | 

Vpp=0.5BVpss, Ip=10A, Zo=4.72 
tt [RiseTime | = | — | 60 | ns (MOSFET switching times are essentially 
ate Turn-Off Delay Time /—| — | 80 | ns_ independent of operating temperature) 
Fal Tin = [afoot 


+ a Gate Charge AA 
ete -Source Plus Gate-Drain) Ves=10V, Ip=22A, Vps=0.8 Max. Rating 


- Qgs_ | Gate- Source Charge 'Gate-Source Charge §|—| 9] — | nc | (Gate charge is essentially independent of 
operating temperature. ) 


a [ate-oran Miler) Crago | — [a8 [ — [no 


THERMAL RESISTANCE 


"Symbol | Characteristic at 
Junction-to-Case 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


fbi 


ELECTRONICS 


Ipss 


IRF640-3 


com 
cw fT 


Mounting surface flat, 
K/W 
smooth, and greased 


Free Air Operation 


IRFP240-3 
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IRF640/641/642/643 N-CHANNEL 
IRFP240/241/242/243 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic ‘Min | Typ | Max |Units, Test Conditions 
Continuous Source Current 
(Body Diode) 
IRF640/IRFP240 A 
IRF641/IRFP241 
IRF642/IRFP242 16 A 
IRF643/IRFP243 
Pulse Source Current(Body Diode)(3) 
IRF640/IRFP240 72 
IRF641/IRFP241 
IRF642/IRFP242 A 
IRF643/IRFP243 


Modified MOSFET symbol 8) 
showing the integral 9) 


reverse P-N junction rectifier 


Diode Forward Voltage (2) 
Vsp_ | IRF640/IRFP240 


Tc=25°C, Is=18A, Vas=OV 
IRF641/IRFP241 


- . 
IRF642/IRFP242 
1; = ° = ; _ 
Reverse Recovery Time |— [650] — | ns | Tj=25°C, Ir=18A, dl-/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


40 


| | | | 


mom | PL | 
32 Vos>loyoniRosion) max i — 
a a ; 
: : Sa 
wi WT Ny 
a Ww 
: : yl 
< < 24 
K — 
Zz re 
vd Ww 
iva c 
2 Ss 
oO 16 
z z 
a < 
& « 
. a 
Ss =) 
~ 8 
0 2. 4 6 6 10. 12. 44 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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ELECTRONICS 


IRF640/641/642/643 
IRFP240/241/242/243 


N-CHANNEL 
POWER MOSFETS 


40 


| comromret ||| | 
pi |] | | | | ee 


AO 
Fat 


32 


ip, DRAIN CURRENT (AMPERES) 


|_| Vos=6v_| 
aT | fT Jf ff == 5V 
| Ves= ay 
ee GS ee) 
10) 1 — 


Vos, DRAIN-TO-SOURCE VOLTAGE outs 
Typical Saturation Characteristics 


oa ae io RH oor a 


0.2 


aes 


=—— 
Sea 
St 
et la SINGLE PULSE (TRANSIENT 
ert | ||| THERMAL IMPEDANCE) 


ZensctWRtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


5 10“ 10°? 


gfs, TRANSCONDUCTACE (SIMENS) 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transconductance Vs. Drain Current 


ip, DRAIN CURRENT (AMPERES) 


5 410°? 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


—— <a — 
———ans me —— 
——— 
Beer 


maeeeie aati 


— 


a = eee ees 
Hot a aw 
an i Seas 
Po 
iil oh ll 
ee ee I? 
=k ! 


10 -——_ 


et sw 
2 tt eee SS Sees 


OPERATION IN THIS AREA ASS soa 
IS LIMITED BY Rosin) rINUTTS 
TE TT 
= 


on 


_ 
o 


1o4] 


5 10 100 200 500 
” Se shin ro-acuten VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


1. Duty Factor. p=te 
t 


ts 
2. Per Unit Base=Ryyc=1.0 Deg. C/W. 
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Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. 


2 


a ee eee aa See eet See ae 
—_— ast oa ee 


SSsceeceo 
ane seat 


SSE Se Ge ES 


2.4 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 
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IRF640/641/642/643 N-CHANNEL 
IRFP240/241/242/243 POWER MOSFETS 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 80 


~40 0 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Ciss=Cgs+Cgd, Cds SHORTED 


Cgs Cgd 


Cgs+Cgd 
*Cds+Cgd 


Coss=Cds+ 


C, CAPACITANCE (pF) 


Hi | tt td cee] | 
20 40 60 80 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0 100 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nc) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rosion) MEASUR=L WITH CURRENT 
PULSE OF 2.0us DURATION. 


Rosion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


; Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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IRF640/641/642/643 N-CHANNEL 
IRFP240/241/242/243 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


ne 
Xe 


4 60 120 140 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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IRF644/645 _N-CHANNEL 
IRFP244/245 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF644/645 


PRODUCT SUMMARY 
Part Number | Vos_|_Rosion) | 


IRF644/IRFP244 250V | 0.280 
IRF645/IRFP245 250V | 0.3429 


IRFP244/245 


MAXIMUM RATINGS 


— IRF644 IRF645 
enernere aes IRFP244 IRFP245 
Drain-Source Voltage (1) 250 Vdc 


Drain-Gate Voltage (Res=1.0MQ)(1) | Voc | -250tst—=* 250 
Gate-Source Voltage G 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) | tom | 
Gate Current—Pulsed 
Single Pulsed Avalanche Energy (4) 550 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 
Operating and Storage Tstg 55 to 150 °C 
Junction Temperature Range 

Maximum Lead Temp. for Soldering + 300 °C 
Purposes, 1/8” from case for 5 seconds t 

Notes: (1) Ty=25°C to 150°C 

(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=4 mH, Vag=50V, Rg=252, Starting Tj=25°C 


Avalanche Current A 
125 Watts 
1.0 W/°C 
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IRF644/645 N-CHANNEL 
IRFP244/245 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [in| Typ]| Max [Unite] ‘Test Conditions 


Drain-Source Breakdown Voltage aso) — | — | v_ oad 


Gate Threshold Gate Threshold Voltage Gate Threshold Voltage ss: |2.0| — | 4.0 | V | Vos=Ves, lb=250,A sid Vos=Ves, Ip=250yuA 
jess GateSource Leakage Forward | —|—|100| mA |vosma0v 
Tess | Gate-Souce Leokage Reverse | —|—|-100| nA |Vos=-20. 
Zero Gate Voltage /—| — | 250 | ua | Vos=Max. Rating, Vas=OV 

Drain Current }—| — [1000] pA Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) 
IRF644/IRFP244 14 Vos24.7V, Ves=10V 


rmreesmnereas ta] — | — | A 
imams |= fossloae| a 
[= Joe) ose] a 
Ots Forward Transconductance (2) '6.7|10.2| — | v | Vps250V, Ip=8.0A 
Cs [Input Capacitance | — [vara] — | oF 
Coss | Output Capacitance | a 1490) = | pF 
[Gas | Reverse Transfer Capactance | — | 69 | — | oF 
[ti [toron aw te [= [ve [0 [ 
Rise Time | = | 67 | 100 | ns 


ton | Turon Cay Tmo ‘| — [sa 00 | ww 
rate id= fa ro | 


Total Gate Charge 
39 | 59 C 
(Gate-Source Plus Gate-Drain) |=) 30) 59 | ac 


Gate-Source Charge nC 
[20 | 30 | nc 


VGSith) 


Ipss 


> 


Ves=10V, Ilp=8.0A 


Vas=OV, Vos=25V, f=1.0OMHz 


Vpp=0.5BVpss, Ip=14A, Zo=9.10 
(MOSFET switching times are essentially 
independent of operating temperature) 


i 


Ves=10V, Ilp=14A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature.) 


a 
a 


Q Gate-Drain (‘Miller’) Charge i ase | 


THERMAL RESISTANCE 


Seven | _Spasete —_ Characteristic _ IRF644-5 IRFP244-4 cS Test Conditions 


Rthcs Case-to-Sink K/W | Mounting surface flat, 
smooth, and greased 


| Rena | | Junction-to-Ambient to-Ambient 40 | KIWI Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF644/645 


IRFP244/245 


N-CHANNEL 


POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Characteristic 
Continuous Source Current 


IRF644/ 


Test Conditions 


‘Modified MOSFET symbol 
showing the integral 


reverse P-N junction rectifier 


(Body Diode) IRFP244| 

IRF645/ 
IRFP245 | mol 8 

Pulse Source Current IRF644 / 

SM | (Body Doide) (3) IRFP244 = 
IRF645/ 

a IRFP245 | 

Vsp | Diode Forward Voltage (2) | 


V_ Tc=25°C, Is=14A, Vas=OV 


tr 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Reverse Recovery Time 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: 


Ty=25°C, Il-F=14A, di-/dt=100A/us 


Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


os Lt 0 


a ee ee ee an 
7 Pt tt 
7 | | Ves 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


2 


3 4 


Typical Saturation Characteristics 


ae ie 
Ves=4V 
— 


Ip, DRAIN CURRENT (AMPERES) 


2 4 6 8 10 12 14 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


a cee ibm 
ET 


alll 


Ip, DRAIN CURRENT (AMPERES) 
a 


1.0 =F FT A 
__ Peal. 60 a See eee 
se es Ve sees 
PTT SINGLE PULSE Pe ot 

5 es a c P| | yyy UN ROBE 
a ra ie YT TT cyt al 
Poe it 


nm 


tt 

PTT TTT LTT 
LLIN TUPI TH 
5 1.0 2 5 10 20 50 100 200 500 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 
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IRF644/645 N-CHANNEL 
IRFP244/245 POWER MOSFETS 


0.5 
=0.2 
02 = 
=0.1 
a aa 


\ 1a 


NV 


1. Duty Factor p=! 


a a 
pee 
lo 
pe t 
I | 2. Per Unit Base=Ryjc=6.4 Deg. C W 
0.02 T il rT] HT 3. Tyw-To=Pom Zinc (t) 
ott LL Hil 


1075 5 5 10°' 2 5 107? 2 5 10°! 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Zthscl/Rensc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


HAN 


4 t 


10° pf 
SE GE SE Se Se es See ES Ee 
i Ge ES ees en ee ee ee 


| a a 
a an es 


80us Pulse Test 
Vos>lp(on)XRosion) Max 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


1.0 
fe) 0.4 0.8 1.2 1.6 2.0 2.4 
lp, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


oil 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0 
-40 0 40 80 120 160 —40 120 160 
Ty, JUNCTION TEMPERATURE (°C) - euaen 4 fuomnarite (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRF644/645 
IRFP244/245 


N-CHANNEL 
POWER MOSFETS 


C, CAPACITANCE (pF) 


Ros jon) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Pp, POWER DISSIPATION (WATTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


PT ty tT A 
eT Tp feerane 

ERR Zee 
ERP ans 
pep 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


1.0 


0.5 


100 


80 


60 


40 


20 


0) 20 40 60 80 100 120 140 16C 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


20 


16 


60 


_ ake: GATE eae : 
Typical Gate Charge Vs. Gate-To-Source Voltage 


N 
es 


25 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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N-CHANNEL 
IRF710/711/712/713 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF710/711/712/713 


PRODUCT SUMMARY 
(Part Number | Vos | Rosen [ty 


IRF711 350V 3.60 2.0A 
IRF712 400V 5.00 1.7A 


MAXIMUM RATINGS 
Characteristic _ Symbol | IRF710_ | IRF711_ | IRF712_| IRF713 | Unit_| 


Drain-Source Voltage (1) 

Drain-Gate Voltage (Res=1.0MQ)(1) 
Gate-Source Voltage 

Continuous Drain Current Tc=25°C 
Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 


Gate Current—Pulsed 
Single Pulsed Avalanche Energy (4) 


Maximum Lead Temp. for Soldering 300 °C 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=53 mH, Vag=50V, Re=250, Starting Tjx=25°C 


ELECTRONICS 


N-CHANNEL 
IRF710/711/712/713 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic Min | Typ | Max | Units Test Conditions 
Drain-Source Breakdown Voltage 
_— — Ves=O0V 
IRF710/712 tre = 
BVoss | ae | 
IRF711/713 350} — = V | Ip=250uA 
T + 
Vas(th) | Gate Threshold Voltage 2.0 | — | 4.0 V_ | Vos=Ves, Ip=250yuA 
lass | Gate-Source Leakage Forward — | — | 100 Ves=20V 
(acco: nae 
lass | Gate-Source Leakage Reverse — | — |-—100!} nA | Ves=—-20V 
Lome 


Zero Gate Voltage | — | 280 Vpos=Max. Rating, Vas=OV 


lpss 
Drain Current Pa | 1000 Vps=Max. RatingX0.8, Vas=OV, Tc=125°C 
On-State Drain-Source Current (2) 20) | - | a 
IRF710/711 , 


3.2 
IRF712/713 =— | 3.5} 5.0 Q 
Ots Forward Transconductance (2) 0.5 UO | Vps250V, Ip=1.1A 
6) 
4 


a 
Static Drain-Source On-State 
Resistance (2) 3.6 .@) 
Rosjon) | IRF7 10/711 Ves=10V, Ip=1.1A 


Ciss Input Capacitance -- 180) — | pF 


xe) 
Ht 


Coss | Output Capacitance — | 4 — Ves=OV, Vps=25V, f=1.0MHz 
Reverse Transfer Capacitance —/|1 — 


Turn-On Delay Time _ 
Vpp=0.5BVpss, Ilp=2.0A, Zo=240 

a Rise Time 9.9 ata tin (MOSFET switching times are essentially 

Turn-Off Delay Time = [at ae oe independent of operating temperature) 


Total Gate Charge 771 42 nC 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=2.0A, Vps=0.8 Max. Rating 


Oe | Gate-Source Charge Serer? nc | (Gate charge is essentially independent of 
operating temperature.) 
| Qos _| Gate-Drain (‘Miller’) Charge T= Taol se | ne | 


THERMAL RESISTANCE 


Junstono-Case -jT-[ss[w,—C—“CSCSCC 
Case-to-Sink -—|os| — |Kw] Mounting surface flat, smooth, and greased 
Junction-to-Ambient =| —- | 80 |Kw Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRF710/711/712/713 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Symbol Characteristic Type ‘Min | Typ) Max |Units| Test Conditions 


Continuous Source Current |!RF711 , 
° | (Body Diode) IRF712 
—_|— 1.7 A Modified MOSFET symbol 
IRF713 . 
———— showing the integral 


IRF710) | | gg | «6 _| reverse P-N junction rectifier 
Igy | Pulse Source Current IRF711 
(Body Diode) (3) IRF712) |_| a3] a 
IRF713 


IRF710 
IRF711 


IRF712 
IRF713 


— 1.6 V Tc=25°C, Is=2.0A, Ves=OV 
Vsr | Diode Forward Voltage (2) 
— / 1.5 v Tc=25°C, Is=1.7A, Vas=OV 


240) 520 Ty=25°C, Ir=2.0A, dig/dt=100A/us | 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Ous Pulse Test 


= 
Vos= 80ys Pulse Test 


Vos>lojon) X Rosion) max 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


fe) 20 40 60 80 100 120 ) 2 4 6 8 10 12 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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F710, 1 ue se 
ap Sy a a 


o_o ele seed set} b | ada | sah 
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LL tT TTT gt TE Pat 


{I 

Lar HH 
IRF710,1 |\i [| |J 
Ll 


[Sa ea ee | ee 
yi ttiT N 
7 
Be oso ae cacao 
a oF aia one aN eee 
Soom og 0 se ee 


iy 


4 


see es a 
ee ee 
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See 
fh 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


4nne 
AT 
vaun 


Alec 
Li. TT TT 
| IRF711, 3 TTT 

LL free 


10 2 5 10 20 50 100 200 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


N-CHANNEL 
IRF710/711/712/713 POWER MOSFETS 
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ll ape See aera emcee eee 
So eee ae a 


o 
nm 


Lo = ——_— eo 
ett tr Zameen 
[O=0.92 err pr TTT 


—— 5 ae SINGLE PULSE (TRANSIENT 

TTT tema wrenances TT TTT TTT 
eet ta hn Eh 
a rr 
nites LL MI CCT en oo 


10°5 5 10° 10"4 5 107 107 5 1 2 5 10 
t1. SQUARE wae PULSE caRATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


0.05 


1. Duty Factor. p= 
t 


ie 
2. Per Unit Base=Ryyc=6.4 Deg. C W 
3. Tim—Tco=Pom Zinc (t). 


0.02 


Ztnsctt/Rthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


ies on 


O 0.22 0.44 0.66 0.88 1.1 1.32 1.54 1.76 1.98 22 0 1.0 2.0 3.0 4.0 5.0 6.0 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRF710/711/712/713 


N-CHANNEL 


POWER MOSFETS 


C, CAPACITANCE (pF) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Pp, POWER DISSIPATION (WATTS) 


Ves=0 


f=1MHz~ 7 T 
Ciss=Cgs+Cgd, om SHORTED 


~ Crss=Cgd 7 


Cgs Cgd 


Cgs+Cgd 
=Cds+Cgd 


Coss=Cds+ 


0 10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


— Ves= 10V HA 


Rosion) MEASURED WITH 
CURRENT PULSE OF 2.0us 
DURATION. INITIAL T;,=25°C 
(HEATING EFFECT OF 2 Ous 
PULSE IS MINIMAL) 


10 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


30 
20 
10 


100 120 140 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


* Oy TOTAL GATE CHARGE ae 
Typical Gate Charge Vs. Gate-To-Source Voltage 


La eT 
Pt ot | | NAAT 
ERR eeNNE 

|| | | NA 


25 100 125 4, 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRF720/721/722/723 


N-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


PRODUCT SUMMARY 
Part Number | Vos_| Rosion | Io 


IRF721 1.80 3.3A 
IRF722 | 400V 
IRF723 | 2.8A 


MAXIMUM RATINGS 


Characteristics 


Drain-Gate Voltage (Reas=1.0MQ)(1) 
Gate-Source Voltage 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=31 MH, Vag=50V, Rg=25N, Starting Tjx=25°C 


IRF7 20/7 21/7 22/723 


temo 


ELECTRONICS 
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N-CHANNEL 
IRF720/721/722/723 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol, Characteristic ‘Min | Typ | Max |Units Test Conditions 
Drain-Source Breakdown Voltage 
BV IRF720 V Ves=O0V 
we | IFT 22 
Ip=250pA 
IRF721 V 
IRF723 
Gate Threshold Voltage | 0 | Vv | VpemVes, lo=Z50nA 
Gate-Source Leakage Forward nA | Ves=20V 
Gate-Source Leakage Reverse — —-100;} nA | Ves=—20V 
— | — | 250 | yA | Vps=Max. Rating, Ves=OV 
— aero Gate Voltage b DS g, Ves 
Drain Current — | — |1000] pA | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 
IRF720 3.3} — — A 
| Vps28.2V, Ves=10V 
D(on) IRF721 DS » VGS 
IRF722 
ZA. _ _ A 
IRF723 
Static Drain-Source On-State 
Resistance (2) 
Rpsion) | IRF720 — |1.4| 1.8 Q | Ves=10V, Ip=1.8A 
IRF721 
IRF722 
— |1.8} 2.5 2 
IRF723 
Ofs Forward Transconductance (2) U | Vpsz50V, Ilp=1.8A 
Ciss Input Capacitance See 


ton euuiteitiece, aa ak ceetee 
tr (MOSFET switching times are essentially 
tavott) independent of operating temperature) 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Ves=10V, Ip=9.2A, Vos=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Gate-Source Charge 


Gateorain (Miler) Charge | — 
THERMAL RESISTANCE 
eros 


[Symbol] Characteristic | 
Junction-to-Case MAX 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF720/721/722/723 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min | Typ "Max |Units Test Conditions 


Continuous Source Current 
(Body Diode) 

Is IRF720 —|— 
IRF721 


3.3 


IRF722 
IRF723 


Pulse Source Current(Body Diode)(3) | 
Ism IRF720 —}|;- 
IRF721 | 


2.8 


Modified MOSFET symbol 
showing the integral 
A reverse P-N junction rectifier 


IRF722 
IRF723 


Diode Forward Voltage (2) 
Vsp IRF720 —_|- 
IRF721 


11 


IAP S22 _|47 
IRF723 , 


trr Reverse Recovery Time 270 | | ns 


Tc=25°C, Is=3.3A, Ves=O0V 


Tc=25°C, Is=2.8A, Vaes=OV 


T)=25°C, IF=3.3A, dl-/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


| 
| 
80us Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 


fe) 50 100 150 200 250 300 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80us Pulse Test 
Vos? loyon) * Rosion) max 


Ip, DRAIN CURRENT (AMPERES) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


pesmi 
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N-CHANNEL 
IRF720/721/722/723 POWER MOSFETS 


80us Pulse Test MY ves=0v | Ves=5.5V 
| A tT 
errr Ves=5.0V 


Yrertrtt 
ay eeeneeee 


po ves= 4 5v_ | 
| eas ee oes) 


ett 3 tT 
LIN] 8 
Se eeicitienccaein i 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Fines 1.67 K/W 
SINGLE PULSE 


1.0 2 5 10 20 50 100 200 500 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


as ze-" = 
Tt —— = ah ak ameriiies oe ae) antl 


pane —— rn 
oz Leal | 


ao 
Sotto oa oo an om t 


== o- a 
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1. Duty Factor, D=— 
2 


2. Per Unit Base=Ryjc=3 12 Deg. C W 
3. Tym-To=Pom Zinc (t). 


Zthuct}/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


1078 10° 10° 2 5 107 2 10° 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION seal 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vos>lpjon) * Rosion) max 


E 


Ltt 
te ‘ 


oH 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIMENS) 


EE 1) a —— SS ES 
5 
a av eons —— 
1 nl ane, 


was 
Mehaene 


= 
pte sists 


Ip, DRAIN CURRENT eR Vsp, SOURCE-TO-DRAIN VOLTAGE wane 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


175 


ELECTRONICS 


IRF720/721/722/723 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


C, CAPACITANCE (pF) 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


Crss=Cgd | | 
Cos God 


Cgs+Cgd 


Coss=Cds+ 


0 1 a 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Pt tt tT ye 
PTT | gem YL | 
PT TT TT fee | 
SR 
Pit} Ai | 


Rosion) MEASURED WITH 
CURRENT PULSE OF 2.0us 
DURATION. INITIAL T;=25°C 
(HEATING EFFECT OF 2.0us 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


ELECTRONICS 


Rosin), DRAIN-TO-SOURCE ON RESISTANCE 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) oem (NORMALIZED) 


Ip, DRAIN CURRENT (AMPERES) 


N-CHANNEL 


POWER MOSFETS 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


0) 4 8 12 16 20 
Qg, TOTAL GATE CHARGE (nC) 


Typical Gate Charge Vs. Gate-To-Source Voltage 


| NL 
CCEEECE RY 
Pitt? itt ti 


25 100 125 150 
an manos TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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N-CHANNEL 
IRF720/721/722/723 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


0) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


FEATURES 


Lower Robs (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 
___PartNumber | Vos_| Rosion) |_ to 


IRF730/IRFP330 400V 


IRF731/IRFP331 350V Le 


on 5.5A 
IRF732/IRFP332 400V 1.520 


IRFP330/331/332/333 


MAXIMUM RATINGS 


IRF730 | IRF731 | IRF732 | IRF733 
Characteristics IRFP330 | IRFP331 | IRFP332 | IRFP333 


Drain-Source Voltage (1) 


Drain Current—Pulsed (3) 


Gate Current—Pulsed Ade 
Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Maximum Lead Temp. for Soldering 300 °C 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Tj=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=17 mH, Vag=50V, Rg=25Q, Starting T=25°C 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


BVpss 


Ves=10V, Ip=3.0A 


[Symbol] Characteristic ‘Min | Typ | Max |Units| Test Conditions 
Drain-Source Breakdown Voltage 
IRF732/IRFP332 
IRF731/IRFP331 
IRF733/IRFP333 
Gate-Source Leakage Forward /—| — | 100 | na | Vas=20V 
Gate-Source Leakage Reverse ia Ves=—20V 
Ipss 
Drain Current /— | — | 1000 Vos=Max. Ratingx0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 
IRF 7 30/IRFP330 5.5 A 
28. = 
IRF731/IRFP331 Maseraary Tear Ney 
Static Drain-Source On-State 
Resistance (2) 
IRF731/IRFP331 
IRF732/IRFP332 10/145 
[seein gas 
Ciss Input Capacitance r—Treol — | oF | 
Coss | Output Capacitance = | pF Vas=OV, Vops=25V, f=1.0MHz 
taion) | Turn-On Delay Time 
(MOSFET switching times are essentially 
independent of operating temperature) 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 
IRF730/IRFP330 

Gate Threshold Voltage w= fal Vos™Ves, Ip=250uA 
Zero Gate Voltage | ie: |e 250 Vps=Max. Rating, Veés= OV 
IRF732/IRFP332 45 A 
IRF733/IRFP333 , 

Rpsjion) | IRF730/IRFP330 

Ofs Forward Transconductance Forward Transconductance (2) Setar Vps250V, Ip=3.0A 
Crss_ | Reverse Transfer Capacitance ry 
17 
(17 | ns | Vpop=0.5BVpss, Ip=5.5A, Zo=12N 


|= | 99 | 

|= | 43 | 

= [51 

tr Rise Time |= | 1H 

; ras 
BEDE 
|= | 40 | 


Total Gate Charge 
Qc (Gate-Source Plus Gate-Drain) Ves=10V, Ip=5.5A, Vps=0.8 Max. Rating 


Gate-Source Charge ce (Gate charge is essentially independent of 
operating temperature. ) 
ry Gate-Drain (‘Miller’) Charge SIRES 


THERMAL RESISTANCE 


<a ae 


Ric | Junction-to- | Junction-to-Case — 167 KW] 


Mounting surface flat, 
R Case-to-Sink 
to [enon | om hee smooth, and greased 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Gharacereie [in| Typ | wax [Unite] ‘Test Condlions 


Continuous Source Current 
(Body Diode) 
IRF730/IRFP330 
IRF731/IRFP331 


IRF732/IRFP332 45 
IRF733/IRFP333 


Pulse Source Current(Body Diode)(3) 
IRF730/IRFP330 
IRF731/IRFP331 


IRF732/IRFP332 
IRF733/IRFP333 


Diode Forward Voltage (2) 
IRF 7 30/IRFP330 
IRF731/IRFP331 


IRF732/IRFP332 

=25° =4.5A, Ves= 
IRF733/IRFP333 =| =] 16 | V_ | Tc=25°C, Is=4.5A, Ves=OV 
Reverse Recovery Time “Reverse Recovery Time -—«| — |310| 660 | ns =25°C, IF=5.5A, dir/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300Ous, ~ Cyclex2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Ism 


V Tc=25°C, Is=5.5A, Ves=OV 


80us Pulse Test 
Vos? pion) Rosion) max 

_ 8 
” _ 

w” 
a : 
aw wi 
a a 
= = 
< < 6 
— 

— 
ci = 
= cc 
x ea 
= =] 
re) Fa) 4 
= z 
q — 

<z 
5 s 
r-) r=) 

is 2 

f°) 50 100 150 200 250 300 ) 1 2 _§ 4 5 6 7 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


Ip, DRAIN CURRENT (AMPERES) 


Zthsc(tWRthuc, NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


NING rH 
ArT NSAI NI it 
UIT | EN 
| A Se TS eee 


—— as a 
ae nee =25°C TIL _t [IIttiyt © >In 


Ip, DRAIN CURRENT (AMPERES) 


10 2 5 10 20 50 100 200 500 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


++ 
Saati 

seat sisi HetHit Pee 

t, . 
2. Per Unit Base=Ryjc=1.67 Deg. C/W. 

tt Ht rims 3. TaTe=Pou Ze th, ™ 

roo EE ! 
1075 5 10 10°9 5 107 2 5 107 2 5 1 2 5 10 


4 SQUARE WANE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


ee Ge Ge Ge ee Ge ee ee « 
== 
aw ae Sa 


=k 
oO 


Le) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 
on 


5 0) 1 3 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


1.25 
Ww 
< 8 
- 1.15 Z 
= D 
> vi 
ro) c 
[=) z -_ 
Sa 1.05 o6 
Ww Win 
an oO-= 
os cz 
wt 2s 
Os ot 
$5 $$ 
BQ 0.95 f= 
a= z 
o < 
- c 
z a 
=z zx 
5 0.85 5 
% « 
(=) 
> 
a 
0.75 
40 120 160 ~40 0 40 80 —«: 120 160 
2 JUNCTION eubeerca (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Coss=Cds + L9SC9d_ 


Vos = 200V 
Vos =320V: G, 


C, CAPACITANCE (pF) 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


5 


6.0 


TTT An 
CCEA 
an 


lA 
aan 


3.0 


Rosion) MEASURED WITH CURRENT PULSE OF 


Ip, DRAIN CURRENT (AMPERES) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 5 10 15 20 25 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case 1emperature 
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IRF730/731/732/733 N-CHANNEL 
IRFP330/331/332/333 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


T,, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curv 
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IRF740/741/742/743 N-CHANNEL 
IRFP340/341/342/343 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Part Number 


IRFP340/341/342/343 


IRF740/IRFP340 


+ 


a IRF741/IRFP341 


IRF742/IRFP342 


IRF743/IRFP343 


MAXIMUM RATINGS 


- _ IRF740 | IRF741 | IRF742 | IRF743 
aracteristics IRFP340 | IRFP341 | IRFP342 | IRFP343 


Voss 
Ves 


Gate Current—Pulsed Adc 
Single Pulsed Avalanche Energy (4) pes | 2 
Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=9.1 mH, Vag=50V, Re=252N, Starting Tj3=25°C 
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IRF740/741/742/743 N-CHANNEL 
IRFP340/341/342/343 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characins [Win] Typ [Max [Units] Test Condlions 


Drain-Source Breakdown Voltage 
IRF 7 40/IRFP340 
IRF742/IRFP342 


IRF741/IRFP341 
IRF743/IRFP343 
Gate Threshold Voltage wea Vos=Ves, Ib=250uA 


[sient owes |= [= [oi ace 
ess | ate-Souce Leakage Reverso | — | — |=100| nA | Vea=-20¥ 
ra 


Zero Gate Voltage |—| — | 260 | Vos=Max. Rating, Ves=OV 

Drain Current | = | 1060 Vos=Max. Ratingx0.8, Ves=OV, To=125°C 
On-State Drain-Source Current (2) 
IRF 7 40/IRFP340 10 A 
IRF741/IRFP341 
IRF742/IRFP342 83 A 
IRF743/IRFP343 , 


Static Drain-Source On-State -|— loa) « 
Resistance (2) 
Rpsjion) | IRF740/IRFP340 0.55) QO 
IRF741/IRFP341 
ercamersca |= |= (900/ 8 
Forward Transconductance (2) | Forward Transconductance (2) |5.8| 87 | — | U | Vos250V,Ib=5.2A 
| Ges | put Capacitance | — |1800| — | oF | 
| Coss | Output Capacitance | — |178| — | pF | Vas=0V, Vos=25V, f=1.0MHz 
Gina | Reverso Transfer Gapactance | — [75 | — | oF 
Ftsen [Tum-on Delay Time | — | 14 | at | ne 
See — este 
Turn-Off Delay Time /—| 50] 75 | ns | 
Tu [Fatma 


Total Gate Charge 42 | 63 
"ee -Source Plus Gate-Drain) 


| Qgs | Gate- Source /Gate-Source Charge sid 
Aree 


Gate-Drain (‘Miller’) Charge 
THERMAL RESISTANCE 
Onse-to-Sink 05 Mounting surface flat, 
smooth, and =e 
Junction-to-Ambient Sete KW Free Air | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width€300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


PSimsuNig - 
LECTRONICS 


E 


£ 


BVpss 


Vos28V, Vas=10V 


Ves=10V, Ip=5.2A 


Vpp=0.5BVpss, Ilp=10A, Zo=9.10 
(MOSFET switching times are essentially 
independent of operating temperature) 


Ves=10V, Ilp=10A, Vps=0.8 Max. Rating 
| |) Mate charge is essentially independent of 
ie temperature.) 


IRF740/741/742/743 N-CHANNEL 
IRFP340/341/342/343 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic ‘Min | Typ | Max |Units Test Conditions 
Continuous Source Current 
(Body Diode) 

Is IRF740/IRFP340 10 A 
IRF741/IRFP341 
IRF742/IRFP342 A 
IRF743/IRFP343 
Pulse Source Current(Body Diode)(3) 
IRF7 40/IRFP340 A 
IRF741/IRFP341 
IRF7 42/IRFP342 30 A 
IRF743/IRFP343 
Diode Forward Voltage (2) 
IRF7 40/IRFP340 V 
IRF741/IRFP341 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=10A, Ves=O0V 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Frome [oeriere [Tare [ 
a = 
” vi 
Ww xc 
a Ww 
= S 
< < 
Z 5 
ec 
= ima 80us Pulse Test 
Oo Fs Vos>loron) X Rosion) max 
z 
2 z 
ps < 
= 3 
r-) r=) 
10 12 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


ELECTRONICS 


IRF740/741/742/743 
IRFP340/341/342/343 


N-CHANNEL 
POWER MOSFETS 


Zthuc(tWRthuc, NORMALIZED EFFECTIVE TRANSIENT 


gts, TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 


THERMAL IMPEDANCE (PER UNIT) 


25 


ERR Ca 


Los BV 
| fons mise ren | | AZT %7 


20 


Vaan 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


2 
Tl 


ees ey ee Os A SS ESR mE 
OPERATION IN THIS AREA =e 
‘ IS LIMITED BY is =oaeeeas 
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is Tit at CNIS 
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ee Be ee 
» ie | TT 
UAT Ps oe 
ek ined ae Pett YN 
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tt Tt NONE U ett 


= 
—— T,=150°C MAX. 
| Fonte 67 K/W 


0.1 


100 200 
” ia, TRANCE NOLTASE (VOLTS) 
Maximum Safe Operating Area 
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- SE 
— | | 
| {ttt ll od 


Pt ee 
see = gaara 
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— 


1. Duty Factor. pate 
t 


2- 
2. Per Unit Base=Rpjc=1.0 Deg. C/W. 


- sill alll 
seaiiiimewiitl 


1075 5 107 107 = 2 


107 


3. Tym-To=Pom Zins (t)- 
! 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vos>loyon) % Rosion) max 


fe) 5 10 15 20 25 
Ip, DRAIN CURRENT (AMPERES) 
Typical Transconductance Vs. Drain Current 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 
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IRF740/741/742/743 N-CHANNEL 
IRFP340/341/342/343 POWER MOSFETS 


2.5 


2:0 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


fe) 
—40 0 40 80 120 160 —40 fe) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


25 


eg | | tt 
eT TPT 
= 
c Ww 
: | lvoley | | | tt | 
4 = : 7 
za ! 
: om rT 
= Ww 
: ee Ae 
< > 
S fe) 
3 2 10 
: : CA 
e fro | 
S Ip=12A Exe 
Oo 
: an 
0 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ” tie roTAL GATE CHARGE rey 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.Ous DURATION. INITIAL T)=25°C. (HEATING 
EFFECT OF 2.Ous PULSE IS MINIMAL) 


Rosson, DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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IRF740/741/742/743 N-CHANNEL 
IRFP340/341/342/343 POWER MOSFETS 


7 -| i} | tt 
120) —_-s 
OIN 
; Oi 


Pp, POWER DISSIPATION (WATTS) 


0 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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N-CHANNEL 
IRF820/821/822/823 POWER MOSFETS 


FEATURES 


Lower Robs (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability IRF820/821/822/823 


PRODUCT SUMMARY 


Part Number 


IRF820 


IRF82 1 450V 3.02 


IRF822 5O00V L 4.00 


———————————— — 1 
IRF823 


MAXIMUM RATINGS 


Characteristics IRF820 —s IRF 821 IRF822 Unit 

500 450 500 450 Vdc 

500 | 450 500 450 Vde 

Gate-Source Voltage 220 Vdc 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 210 mJ 

Avalanche Current pos | 

Total Power Dissipation @ Tc=25°C 50 Watts 

Derate above 25°C 0.4 W/°C 
hse 

Operating and Storage 


Junction to Case Ty, Tstg —55 to 150 C 


Maximum Lead Temp. for Soldering + 300 °C 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Gycte<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=60 MH, Vag=50V, Re=252, Starting T=25°C 
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N-CHANNEL 
IRF820/821/822/823 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [Win] Typ | Max [Units] ‘Test Gondlons 


Drain-Source Breakdown Voltage 
500 V Ves=0V 
Ip=250yuA 


IRF820 
IRF822 
IRF821 

4.0 V Vos=Ves, Ip=250yuA 

nA | Ves=20V 

—100 A | Veas=—20V 


IRF823 
Vps=Max. Rating, Ves=OV 


Vasith) | Gate Threshold Voltage 


lass Gate-Source Leakage Forward 


lass_ | Gate-Source Leakage Reverse 
——— 


als 
oO 
AS a] 


Nh 
oO 
ie) 


Zero Gate Voltage 
Drain Current 


uA | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 
IRF820 
ID(on) IRE824 Vos210V, Ves=10V 
IRF822 
_IRF823 


Static Drain-Source On-State 
Resistance (2) 


IRF820 
IRF821 


IRF822 
IRF823 


Ofs Forward Transconductance (2) . 2.3 


Ciss | Input Capacitance 


5 


W 
1) 


Rpsjon) Ves=10V, Ip=1.4A 


Nh 
on 
wo nD 
Oo 


Vps210V, Ip=1.4A 


Coss | Output Capacitance Ves=OV, Vos=25V, f=1.0MHz 


Reverse Transfer Capacitance 


taion) | Turn-On Delay Time 
ts 
taoft) | Turn-Off Delay Time 


Fall Time 


Vpp=0.5BVpss, Ip=2.5A, Zo=180 
(MOSFET switching times are essentially 
independent of operating temperature) 


@) 
= 
Oo 
oO 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Qgs | Gate-Source Charge 


Qga | Gate-Drain (‘Miller’) Charge 
THERMAL RESISTANCE 


Symbol Characteristic =| | IRF820-3 


Mounting surface flat 

-to- K/W 

mies: | asetaatik ae smooth, and greased 
Rthua Junction-to-Ambient 80 Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


O 
re) 


ail, =k | 1K) |) =e == |p la oY) 
ow |wloalnjol|nin{& 
exci 
So | Gi o Olm/o;on fo) ¢ S 


Ves=10V, Ip=2.5A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


2. 


ie) 


= Nm 
oO oO io) 
as \|=a | os vo |0 |b 
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ELECTRONICS 


IRF820/821/822/823 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Characteristic [Min] Typ | Wax [Unite] ‘Test Conditions 


IRF822 
IRF823 


Continuous Source Current 
(Body Diode) 

Is IRF820 2.5 
IRF821 


Pulse Source Current(Body Diode)(3) 
IRF820 8.0 
IRF821 
IRF822 
IRF823 a 
Diode Forward Voltage (2) 

Vsp_ | IRF820 1.6 
IRF821 
IRF822 
IRF823 


1.5 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


V 


Tc=25°C, Is=2.5A, Vas=O0V 


Tc=25°C, Is=2.2A, Vas=OV 


Reverse Recovery Time /— |270| 540 | ns Tj=25°C, IpF=2.5A, dir-/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


| 
| 


Ip, DRAIN CURRENT (AMPERES) 
w 


| —== 
— 
Ao cs=4.0v] | 
aes Se ES 
) 50 100 150 200 250 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Typical Output Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


80us Pulse Test 
Vos> pion) X Rosion) ax 


8 10 12 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


renneehad 


ELECTRONICS 


1982 


N-CHANNEL 
IRF820/821/822/823 POWER MOSFETS 


anne 
=. ee 
PA CSL as 


pT TTT NN FISTS MITT 
eS 
—— 4 Fo 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


T,=150°C MAX. HEH SS 
| tT TTT TN A 


Pina 1.67 K/W Hh SSH 
Me NOs 
0 ne —s ia —o 10 2 5 10 20 100 200 500 
on DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN- TOSOUNGE MOLTAEE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


———<— 
_ == 


1.0" pr 
a 
oa Ge i 


05 oe a zee at 
sa, HL tt =o--- a 
Se” aa tinaatanaisieti 


es i — 
Pe enemnnnsstiE sae 


-~ D=0.05 Sat 


0.05 one a FE ; 


ss FY SINGLE PULSE (TRANSIENT 


1. Duty Factor, D=— 
2 


or | 2. Per Unit Base=Rpjyc=3.12 Deg. CW 
3. Tim-To=Pom Zinc (t) 


Zthuc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10° 10" 82 1g? 5 107 5 
t1. SQUARE WAVE PULSE DURATION ee 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


10°! 5 1 2 5 10 


80us Pulse Test| 
Vos>loyon) % Rosion) max 


7) 
’ 20000058 
| see 
PCE 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 
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ELECTRONICS 


IRF820/821/822/823 


N-CHANNEL 
POWER MOSFE 


TS 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


C, CAPACITANCE (pF) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


800 


T,, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


Crss=Cgd 


Coss=Cds+ 


Cgs Cgd 
Cgs+Cgd 


| 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


10 


Rosion) MEASURED WITH 
CURRENT PULSE OF 

2.0us DURATION. 

INITIAL T)=25°C. 

(HEATING EFFECT OF 2.0yus 
PULSE IS MINIMAL) 


12 14 16 18 20 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Rosion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


—40 ie) — 40 — 80 120 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


15 


) AR 
foo 


Baw rey 3A 


ACH ECHEE 
fi 


0 20 
Qg, ae GATE mane ais, 
Typical Gate Charge Vs. Gate-To-Source Voltage 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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N-CHANNEL 
IRF820/821/822/823 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


O 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


FEATURES 


Lower Rps (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Part Number 
IRF830/IRFP430 


IRF831/IRFP431 


IRFP430/431/432/433 


IRF832/IRFP432 


IRF833/IRFP433 


MAXIMUM RATINGS 


Drain-Source Voltage (1) Voss Vdc 
Drain-Gate Voltage (Ras=1.0M)(1) VpcGrR 


Gate-Source Voltage Ves 


_ IRF830 ~=—s«sIRF831_ | IRF832 | IRF833 
Characteristics 
eee cs IRFP430 | IRFP431 | IRFP432 | iRFP433 


< 
Q 
ro) 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C | bp | 30 | 30 | 25 | 25 | Adc 
tom | 
tem 


Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Adc 
Ade _ | 
Ade 
Single Pulsed Avalanche Energy (4) Eas 280 
Ea 


> 
o 

> 
oy) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 0 ' W/°C 


6 
Operating and Storage - P 
Junction to Case Ty, Tstg sialic 
Maximum Lead Temp. for Soldering " 
Purposes, 1/8" from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=25 mH, Vag=50V, Re=25N, Starting Tx=25°C 


~ 
on 
= 
se) 
=> 
n 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol | Characteristic ‘Min | Typ | Max |Units| Test Conditions 
Drain-Source Breakdown Voltage 
BV IRF830/IRFP430 500 
OSS | IRF832/IRFP432 
IRF831/IRFP431 
IRF833/IRFP433 


Gate Threshold Voltage 


Ves=O0V 


Ilp=250uA 


Vos=Ves, Ip=250yA 


lass_ | Gate-Source Leakage Forward — | — | 100 | nA | Ves=20V 
less Gate-Source Leakage Reverse ~ |= — 100 | nA | Ves=—20V 
Zero Gate Voltage — | = | 280 | BA | Vos™ Max. Rating, Ves=OV 
Drain Current — | — |1000} pA | Vos=Max. Ratingx0.8, Ves=OV, To=125°C 
On-State Drain-Source Current (2) 7 


IRF830/IRFP430 


Vps29V, Ves=10V 


IRF831/IRFP431 

IRF832/IRFP432 A 

IRF833/IRFP433 

Static Drain-Source On-State 

Resistance (2) 
Rpsion) | IRF830/IRFP430 — |0.95 Q | Ves=10V, Ip=2.5A 

IRF831/IRFP431 

IRF832/IRFP432 

IRF833/IRFP433 , . 

Forward Transconductance (2) ; Vps250V, Ip=2.5A 
Input Capacitance 


Output Capacitance 


Crss | Reverse Transfer Capacitance 


a Ko 
ail Vpp=0 5BVpss, Ip=4 5A Zo=120 


Rise Time Bde. (MOSFET switching times are essentially 


| tavotn_| Turn-Off Delay Time ng | independent of operating temperature) 


Fall Time 


tu |Fatime 
Total Gate Charge 24 30 
Mata -Source Plus Gate-Drain) Ves=10V, Ip=4.5A, Vos=0.8 Max. Rating 


Gate-Source Charge ete nc | (Gate charge is essentially independent of 
operating temperature. ) 
ye EE 


THERMAL RESISTANCE 


Junction-to-Case 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Mounting surface flat, 
smooth, and greased 


Free Air Operation 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Test Conditions 


Continuous Source Current 
(Body Diode) 
IRF830/IRFP430 
IRF831/IRFP431 


IRF832/IRFP432 
IRF833/IRFP433 Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier 


Pulse Source Current(Body Diode)(3) 
Ism IRF830/IRFP430 —|/|- 18 A 
IRF831/IRFP431 


IRF832/IRFP432 _ 16 A 
IRF833/IRFP433 
Diode Forward Voltage (2) 


Vsp_ | IRF830/IRFP430 V Tc=25°C, Is=4.5A, Vas=OV 
IRF831/IRFP431 


IRF832/IRFP432 
IRF833/IRFP433 


1.5 V Tc=25°C, Is=4.0A, Ves=OV 


ee ied T)=25°C, IpF=4.5A, dl-/dt=100A/puS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Reverse Recovery Time 


4 } 4 -_— 
80us Pulse es 1 80us Pulse Test 
2 | 3 
va - 
wW i x 
a | 5 
q : Z 
5 rag 
ww z 
wa uJ 
ia ac 
= 5S 
a S) 
= z 
rs 3 
- ra 
3 - 
2 a) 
fe) 100 200 300 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


Ztnsc(/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 


Ip, DRAIN CURRENT (AMPERES) 


THERMAL IMPEDANCE (PER UNIT) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


|| = oe 
H = a 
[| ce a 1 
H{— OPERATION IN THIS AREA 1111] 
TL IS LIMITED BY Roson |_| | {TIT I 


| 

| 

TaN WS TN 
PT TAT St 


\ Ny 
Hie Pst 
— a8 sai: 


Ip, DRAIN CURRENT (AMPERES) 


— =150°C MAX. 
— Tj=150°C 
— 


5 


—_— 67 K/W 
SINGLE PULSE 


0.1 
10 2 5 10 20 50 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


F+ SINGLE PULSE eee 
THERMAL eee 


—— ll 
_ z 2 | | | | 
eaaatiii 
tt At | 
TI 1. Duty Factor. p=t. 
| th. 
TI 2. Per Unit Base=Rpjc= 1-67 Deg. C/W. 


3. Tyu—Toc=Pom Zinsc (t). 


~~ 10°5 5 10% 2 dL 107 2 5 107 2 5 1 2 5 10 
ti. SQUARE nie ee DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


aavaransee 
TV Yet TL 
NAA 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


0 0.5 1 1.5 2 2.5 3 
lp, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


1.25 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 
—40 40 80 120 160 —40 ) 40 80 120 160 
Ty, JUNCTION %MPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 
Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


ies ees ees eee ok ee eee es 


0) 10 20 30 40 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


0 5 10 15 20 25 
; Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


IRF830/831/832/833 N-CHANNEL 
IRFP430/431/432/433 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


: BERR SENE 
: Eas 
0 20 40 60 80 100 120 140 160 

T., CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


IRF840/841/842/843 N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


FEATURES 


Lower Ros (On) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


IRFP440/441/442/443 
IRF840/IRFP440 SOOV | 0.852 


IRF841 /IRFP441 450V 0.850 


IRF842/IRFP442 SOOV | 1.100 
IRF843/IRFP443 450V | 1.100 


MAXIMUM RATINGS 


- IRF840  IRF841 | IRF842 | IRF843 
Ch 
siiahiaslaonii IRFP440 | IRFP441 | IRFP442 | IRFP443 


| 500 450 | Vdc 
VoGR 500 450 SOO 450 Vdc 


ip | 80 | B80 7.0 7.0 | Adc 
ae 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MM)(1) 
Gate-Source Voltage 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) 32 32 28 28 Adc 
Gate Current—Pulsed = ae Ie Adc 
Single Pulsed Avalanche Energy (4) 510 mJ 
Avalanche Current 8.0 A 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage 
Junction to Case 


Maximum Lead Temp. for Soldering 


Pp 
Ty, Tstg —55 to 150 °C 

Purposes, 1/8” from case for 5 seconds 300 C 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=1.4 mH, Vag=50V, Re=250, Starting Ty=25°C 


ELECTRONICS 


IRF840/841/842/843 _ N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic Min) Typ | Max |Units Test Conditions 
Drain-Source Breakdown Voltage 
BV IRF840/IRFP440 500} — -- V | Ves=O0V 
PSS | IRF842/IRFP442 
. : Ip=250uA 
IRF841/IRFP441 
IRF843/IRFP443 7 = " 
| + ] 
Vaesith) | Gate Threshold Voltage 2.0; — 4.0 V Vos=Ves, Ip=250pA 
+— + ft — 
lass | Gate-Source Leakage Forward —|/|— 100 | nA | Ves=20V 
lass | Gate-Source Leakage Reverse — | — |-—100)| nA | Ves=—-20V 
- Zero Gate Voltage — — 250 yA Vps=Max. Rating, Ves=OV 
D ; + —e 4 
Drain Current — | — |1000} pA | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
= 4 + 
On-State Drain-Source Current (2) 
IRF840/IRFP440 8.0; — — A 
Vps28. = 
D(on) | IRF841/IRFP441 Bam, Yee TOY 
IRF842/IRFP442 70| — = A 
IRF843/IRFP443 
Static Drain-Source On-State 
Resistance (2) 
Rpsion) | IRF840/IRFP440 — |0.76| 0.85 Ves=10V, Ilp=4.0A 


IRF842/IRFP442 


IRF841/IRFP441 : | 
IRF843/IRFP443 = (0-89 


Ots Forward Transconductance (2) Vps250V, Ip=4.0A 


Ciss Input Capacitance 


Coss | Output Capacitance Ves=O0V, Vps=25V, f=1.0MHz 


Crss | Reverse Transfer Capacitance 
taion) | Turn-On Delay Time 


Vpp=0.5BVpss, Ip=8.0A, Zo=19N 
(MOSFET switching times are essentially 
independent of operating temperature) 


tr Rise Time 


ta(off) Turn-Off Delay Time 
tr Fall Time — | 20 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


-— — + —+ 


Gate-Source Charge | — |6.2 


— 


Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


Ves=10V, Ilp=8.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Symbol Characteristic IRF840-3 IRFP440-3 Unit) 
Rthuc Junction-to-Case MAX 130 
Mounting surface flat, 
-to- TYP 0.5 
Rtncs | ase Roi | smooth, and greased 
Rthua Junction-to-Ambient MAX 80 Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF840/841/842/843 N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Characteristic [Win] Typ | Wax [Unie Text Conditions 


Continuous Source Current 
(Body Diode) 

Is IRF840/IRFP440 A 
IRF841/IRFP441 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Pulse Source Current(Body Diode)(3) 
IRF840/IRFP440 —|/- 32 A 
IRF841/IRFP441 


IRF842/IRFP442 
IRF843/IRFP443 


Diode Forward Voltage (2) 
Vsp IRF840/IRFP440 —/;—- 2.0 V Tc=25°C, Is=8.0A, Ves=OV 


IRF841/IRFP441 


IRF842/IRFP442 , 7 7 
IRF843/IRFP443 p-]-| re V | Tce=25°C, Is=7.0A, Ves=OV 
Reverse Recovery Time Le T)=25°C, Ir=8.0A, dir/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 
Vos>loyon) * Rosion) max 
a -_- 
e v4 
wi c 
a Ww 
: : = mm 
= = 
= 
: : | Tf 
ac 
: ee) ae 
Oo —) 
z = , 
: - | | | |] | fF 
a b f 
2 ra) 
Ss c) / 
0) 20 40 60 80 100 120 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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ELECTRONICS 


IRF840/841/842/843 | N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


At tt 4-7 
Ht OPERATION IN THIS AREA {4 
H IS LIMITED BY Rosion ae 
eet te 

el ae ss tine Saal 


a 2 
i : neh SS yer! 
_ 2 N h 
a = co ft Iw 
= <q o RI ess see: 
< _— art er 
— K a8 RS I Tl at —ei 
= z NPAT IS OTN 
z wi WOAH Da a UT BB 
2 Ps —NISTES TY Wind 
S 3 TT INIS NO | 
z : TIM NS 
— < 
< x ppp 
eo 3 est 
5 £ ee sei a 
£ Sesto tear 
HH} NH 
fd HTN Oo N °C] 
mn a ae ma) 


10 2 10 50 100 200 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIAU-SODNCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


TT 
Cet oH 


0.2 = HSA 
ii ttm | TIT TT TT 
0.1 al ttl tt al [a F aes a Ce) es 1 
aa) Boel eS ee oe oe ee ee oe 


te —_—— eS aa tS Eee a oe 
0.02 SS SINGLE PULSE (TRANSI 
0.05 F p=0.0; irri THERMAL IMPEDANCE) 


ZtnsctWRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


1. Duty Factor. pate 
t. 
0.02 2. Per Unit Base=Rmjc=1.0 Deg. C/W. 
mmemirait 3. Tyw—-To=Pom Zinc (t). 
! 
Po eee 
1075 5 10° 5 10°3 107? 5 10™ 5 1 2 5 10 


ti. SQUARE WAVE mae enn (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


15 i) a sane 
a a 
er eee 
q ft 
~ met Pee 
e77TITTiTrtTl| tye 
z = 
w < 
: E hel 
on Dal z 10——-— 
w w aa ER 
re) 9 
. ale a 8 Py 
3 z 
e | Vet et gS 2 
6 | 
Seer —f 
z a 1.0——r—7H = —— 
< Ww pe Ty=25°C a a Sl 
Ee - ne 
is ee ea Ee FS a a SUT A: NG ee RS eee 
g | = ® — 
= . 3 at ee eee oe 
of 
/ CHE 
0.1f 
i) 4 8 12 =e ia 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF840/841/842/843 N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd -___} ___j__+ 
Cgs Cgd 
Cgs+Cgd 
= Cds+Cgd 


Coss=Cds+ 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rocon MEASURED WITH CURRENT 
PULSE OF 2.0us DURATION. 

INITIAL T}=25°C 

(HEATING EFFECT OF 2 Ous PULSE IS MINIMAL) 


ett | sey | 
47 
SERRE 4a 
L 
TLE ET 


Ip, DRAIN CURRENT (AMPERES) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 5 10 15 20 25 30 35 40 45 50 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 


IRF840/841/842/843 N-CHANNEL 
IRFP440/441/442/443 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


P-CHANNEL 
IRF9510/9511/951 2/9513 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF9510/9511/9512/9513 


PRODUCT SUMMARY 
Part Number | Vos_| Rosiom | !o 


IRF9510 


IRF9511 


IRF9512 


IRF9513 


Drain-Source Voltage (1) 
-100 
Gate-Source Voltage 
| Continuous Drain Current Tc=25°C | to 
| Drain Current—Pulsed (3) | tom | 24 | 24 | 20 | 20 (| Ade | 
| Gate Current—Pulsed | tom 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage 
Junction Temperature Range 


Maximum Lead Temp. for Soldering 


Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=29mH, Vag=—25V, Rg=25N, Starting Ty=25°C 


TL 300 °C 
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ELECTRONICS 


P-CHANNEL 
IRF9510/951 1/9512/9513 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 
‘Symbol ‘Min| Typ | Max Units) Test Conditions 
Ves=O0V 


sm] —] - fv 
BVpss Ipb=—250yA 


IRF9511/9513 _ V 
Gate Threshold Voltage ; 4.0 Vos=Ves, Ip=—250yA 
Gate-Source Leakage Forward 100 
Gate-Source Leakage Reverse 
Zero Gate Voltage |— | — | 250 | pa | Vps=Max. Rating, Ves=OV 
Drain Current /— | — |1000] pa | Vos=Max. RatingX0.8, Vas=OV, Tc=125°C 


On-State Drain-Source Current (2) 30 A 
IRF9510/9511 
ID(on) 


-25| — | — | a 

Static Drain-Source On-State -|-|r2] a 

Resistance (2) _IRF9510/9511 . 
IRF9512/9513 | — | — | 16 | a | 


0.76) — | — | U | Vos<—5OV, Ip=-1.5A 
ears 


pF 
Reverse Transfer Capacitance | a | pF 


ta Turn-On Delay Time 15 | 39 
1] BO | HO ae san Iya A, Boe 
tr Rise Time -—| 30] 60 | ns | (MOSFET switching times are essentially 
taiott) | Turn-Off Delay Time 20] 40 | ns_ independent of operating temperature) 


Total Gate Charge 14 nC 
(Gate-Source Plus Gate-Drain) 

Qgs 

Qga 


Characteristic 


Drain-Source Breakdown Voltage 
IRF9510/9512 


Voss —4.8V, Ves=10V 


Rpsjon) Ves=—-10V, Ilp=—-1.5A 


Forward Transconductance (2) 


Input Capacitance 


Output Capacitance Ves=OV, Vps=—25V, f=1.0MHz 


2] 
— 


Ves=—15V, Ip=—4.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Gate-Source Charge Srrs nC 
Gate-Drain (‘Miller’) Charge j= 7a) = | ne | 


THERMAL RESISTANCE 


Junstonte-Gase -—[-[esjewl SS sC~CS~S 
Case-to-Sink /—|1.0] — |Kw| Mounting surface flat, smooth, and greased 
Junction-to-Ambient /—| —| 80 | Kw Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


P-CHANNEL 
IRF9510/9511/9512/9513 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Symbol] __Charactertic [Min] Typ| Max [Unite Test Coneltion 
Continuous Source Current -30!1 A 
(Body Diode) IRF9510/9511 
Fosi2/0619 | — | — |-26) A 
Pulse Source Current 10 A 
' (Body Diode)(3) IRF9510/9511 
SM 
IRF9512/9613 a a 
Diode Forward Voltage (2) _ TT __ _ 


—e_ "Aer 
[x [ Reverse Recovery Time | = |120| — | ns | T)=180°C, =—.0A,dct=1000n8 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Bec SSe es 
(aac Co 


, 
snnnnen 
ae 


ft 
ACHE aannee 
Pee 


aan 
Potten Vos= = 8V FER 
ett TT Er 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier 


= 12 


80us Pulse Test 
Vpos>lp(on) X Rosion) Max. 


al 


Ip, DRAIN CURRENT (AMPERES) 


-3 


Ip, DRAIN CURRENT (AMPERES) 


0 = 10 —20 —30 — 40 =50 —60 0 a) —4 —6 ~8 =10 =12 ~14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


| 80us Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 -1 -2 -3 -4 -5 -6 -7 -8 -9 ~-10 -1.0 -2.0 -50 -10 -20 -50 -100-—200 -500 —1000 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


P-CHANNEL 
IRF9510/9511/9512/9513 POWER MOSFETS 


1 Duty Factor == 


0.02 ~ a + 4 — 3. Tw-To™Pom Zeuc (t) 


00 atl 
1 


10° 5 10~* 2 5 10° Z 5 10" 2 5 10° 2 5 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Ztnsc()/Rthyc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


H 

a 
2 Per Unit Base=Rinxe =6 4 Deg C/W l| 
1 


! 
80yus Pulse Test 
Vps>lp(on) X Rosion)max.. 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


¢ -1 -2 -8 —4 -§ -6@ -7 -8 -% -40 0 ap3 —1.0 -1.5 -2.0 -25 -3.0 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
1,26 


115 


1.05 


0.85 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
—40 fe) 40 80 120 160 —40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRF9510/9511/9512/9513 


P-CHANNEL 


POWER MOSFETS 


Ros ion DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


20 


15 


f= 
\ 
Ciss= Cgs+Cgd, Cds SHORTED 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Rpsjon) MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL Ty= 25°C (HEATING 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


PIN; | tt tt 
-—\ 


\ 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


NESE 


NET tT yt 


-—10 


—15 


—20 


10 


Ce 
ott] | 1] | td 
0 2 4 6 8 

Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


CTT 
PSS 
aaam 


lp an 


-3 


Ltt ti | | | | 
25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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P-CHANNEL 
IRF9520/9521/9522/9523 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability IRF9520/9521/9522/9523 


PRODUCT SUMMARY 
Part Number | Vos_| Rosin | to _| 


MAXIMUM RATINGS 


Characteristic 


Drain-Source Voltage (1) 


Gate Current—Pulsed IGM +15 Adc 


Single Pulsed Avalanche Energy (4) 
Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=16mH, Vag=—25V, Rg=25N, Starting Ty=25°C 
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ELECTRONICS 


P-CHANNEL 
IRF9520/9521/9522/9523 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


eae ee 


Drain-Source Breakdown Voltage 
IRF9520 -100 
IRF9522 

BVpss 


IRF9521 
IRF9523 


Gate Threshold Voltage cua 
nA 


lass | Gate-Source Leakage Forward cake 


Ves=O0V 


lp=—250yA 


Vos=Ves, Ip=—-250yuA 
Ves= —20V 


lass | Gate-Source Leakage Reverse 


Vps=Max. Rating, Ves=OV 
Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


Zero Gate Voltage 
Drain Current 


On-State Drain-Source Current (2) 


IRF9520 
IRF9522 


Voss —4.8V, Ves=—10V 


Static Drain-Source On-State 
Resistance (2) 

IRF9520 
IRF9522 


IRF9521 
IRF9523 


Rpsjon) Ves=—10V, Ilp=—-3.0A 


Forward Transconductance (2) Vps<—50V, Ip=—-3.0A 


Ves=OV, Vos=—-25V, f=1.0MHz 


Vpop=0.5BVpss, Ip=—-3.0A, Zo=500 
(MOSFET switching times are essentially 
independent of operating temperature) 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) Ves=—15V, lbp=—8.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 

operating temperature.) 


"Symbol | Characteristic 
Junction-to-Case 


Rthcs Case-to-Sink 


Mounting surface flat, 
smooth, and greased 


Rthua Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF9520/9521/9522/9523 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Characteristic 


Symbol 


Continuous Source Current 
(Body Diode) 

IRF9520 

IRF9521 


IRF9522 
IRF9523 


Pulse Source Current 
(Body Diode) (3) 
IRF9520 

IRF9521 


IRF9522 
IRF9523 


Diode Forward Voltage (2) 
IRF9520 
IRF9521 


IRF9522 A 
IRF9522 


povrse Recovery Tmo | — 200 — | me 


Min Typ | Max [Units| Test Conditions 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=—6.0A, Ves=O0V 


Tc=25°C, Is=—5.0A, Ves=OV 


Tj=150°C, IF=—6.0A, dlr/dt=100A/puS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


—24 


Yoral | ere to 
Pf ot os= 11] 


(a SS Ge ee Ge ee a ee 


72) 
iy) 
7 feet | tt tt 


vege ev 


Ip, DRAIN CURRENT (AMPER 
| 
< 
Ip, DRAIN CURRENT (AMPERES) 


-4 


) -10 —20 —30 — 40 -—50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80us Pulse Test 
Vps>lpion) x RDs(on) max. 


=2 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


feiasee 


ELECTRONICS 
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P-CHANNEL 
IRF9520/9521/9522/9523 POWER MOSFETS 


ae ee ee A CSF 100us fr 
Seer eee: tl eee erttt 


rau TN NOS se anise cot 


a ATTN SS J 
“HTS ti Ft 


ao Neb 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


- - -1.0 -20 -5.0 -10 -20 -50 -100 -200 -—500 -100 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


SS er ee 
— —=ae8 
05 Set -_= ar ptt tt ef = re 1 ttt t+ —t + BE a= ae Seal 


= a Pe -— eet tt 
RS no See oe 
Sec e——~ asi Fc oh 


p ee 
Samiiiiime=- eee 


Ztnsctt¥Rtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
oO 
NO 


0.05 as ot im 
| Sot DmrRmBa 
—- ee co Hl AE 1 Duty Factor O=_ ll 
Perrin Oi TT Stine iene eenaen ll 
— HA Ht Santi F. Tag-¥e= Pins Zine (0 TH 
Coc eo APH at 
10°5 5 10~ 2 5 10° 2 107 5 10 


ti. SQUARE WAVE PULSE DURATION eae 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Seenaaee ae 

CT ee 
— —a 

ee neve |_| 


ee eT 
To =150°C 
ora c= 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


AES ESSER 


0 -12 -16 —20 
to DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE nae 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


P-CHANNEL 
IRF9520/9521/9522/9523 POWER MOSFETS 


2:5 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
3S 
on 
Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
on 


0.75 0) 
—40 120 160 —40 120 160 
hf JUNCTION TEMPERATURE (°C) % seiak aiene orien (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


NE 
NT | | tt tt 
ENR 


-5 


Cgs + Cgd 
=Cds + Cgd 


-15 


C, CAPACITANCE (pF) 


# HH aan 


0 -10 —20 — 30 —40 —50 20 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) * 0 TOTAL GATE CHARGE inc) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


SSR ERE 
a SRR 
ne SE 


“| 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


1.0 


Rpsion). MEASURED WITH CURRENT PULSE OF 
0.9} 2.0us DURATION. INITIAL Ty=25°C (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


7 /\ 
P| Yt 


a 
= 
z= 
°o 
rs} -_~ 
o a | 
- O07 a 
: Pani fe we 
7) 4 = 
4 0.6 E < —4 
z 3 
O 05 cc 
Oo x -3 
c > 
> 04 oO 
° z 
3} < 
Ee 03 e -2 
F 4 ) 
e 02 7 
5 : \ 
Pty ey Tet Ty 
g 0.1 
ce 
) 
0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 25 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


IRF9520/9521/9522/9523 


P-CHANNEL 
POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Scie 
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IRF9530/9531/9532/9533 
IRFP9130/9131/9132/9133 


P-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Part Number Vos Rosvon) Ip 
IRF9530/IRFP9130 | —100V/ 0.309} -12A 
| | 
IRF9531/IRFP9131 -~60V | 0.309 | -12A pare ey eter yori tgeaee ee 
IRF9532/IRFP9132 | =i | 0.402 ~10A 
RaSAONRFES1Sa: | ~60V | 0.409 | —10A 


MAXIMUM RATINGS 


IRF9533 
IRFP9133 


IRF9530 
IRF9130 


IRF9532 
IRFP9132 


IRF9531 
IRF9131 


Characteristic 


Drain-Source Voltage (1) 

Drain-Gate Voltage (Ras=1.0MN)(1) 
Gate-Source Voltage 
Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 


a 


| Drain Current—Pulsed (3) 
Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 


=-12 


75 
0.6 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage ~55 to 150 


Junction Temperature Range 
Maximum Lead Temp. for Soldering : 
Purposes, 1/8” from case for 5 seconds Th aan C 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=8.5mH, Vag=—25V, Rg=25N, Starting Tj=25°C 


feral 
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IRF9530/9531/9532/9533 P-CHANNEL 
IRFP9130/9131/9132/9133 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


ee ee 


Drain-Source Breakdown Voltage 
IRF9530/IRFP91 30 -100 
IRF9532/IRFP9132 

Ss 
IRF9531/IRFP9131 
IRF9533/IRF9133 

Gate Threshold Voltage pa [ =f Vos=Ves, Ibp=—250yuA 


"es [ SeteSource Leakage Forward | — | — | 100 | 
tee | GatSouce teatage Reverse | — | — [=100] 0A | Vesezov 


Zero Gate Voltage = | = | 250 | wa | Vos=Max. Rating, Ves=OV 

Drain Current em] om | 1000 Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 
IRF9530/IRFP9130 -12 A 
IRF9531/IRFP9131 
IRF9532/IRFP9132 ~10 A 
IRF9533/IRFP91 33 


Static Drain-Source On-State 

IRF9531/IRFP9131 

esses (-[-[=[: 

So 33 

[Forward Transoonductance (2) |20/— | — | 0) Vose-S0V,b=-65A 
[can | imout capactance | — [a5| — | or 
"Cons [Output Capactance | — [357] — | oF 
 Gax_| Reverse Transfer Capactance | — | 94 | — 
Ftaen [Tun-on dey Tine || — | 60 | ne 
| |Risetime | = | = | 140 | ns | 
tao [Tun-of Doty time «| — | — | 140 | no 
Cu [eatim =| — | 140 | os 
| % [fSiesanse cao |~| = | 48 | 9 

(Gate-Source Plus Gate-Drain) 
Oe [ate-souce crarge «| = | = | 20 | nc 
[ae | Gate-Dran ("Miter") Charge | — | — | 2 | no 


THERMAL Hee LANCE 


_) arene 


Rincs Ceneta-Bin TYP Mounting surface flat, 
smooth, and fama 
Junction-to-Ambient KW | Free Air | Free Air Operation —_| 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


Ves=OV 


Ip=—250yA 


Vos<—4.8V, Ves=—10V 


Ves=—10V, Ip=—-6.5A 


Ves=O0V, Vops=—25V, f=1.0MHz 


Vpp= 0.5BVpss, Ip=—-6.5A, Zo=500 
(MOSFET switching times are essentially 
independent of operating temperature) 


Ves=—15V, Ip=—15A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


IRF9530/9531/9532/9533 P-CHANNEL 
IRFP9130/9131/9132/9133 POWER MOSFETS 


Modified MOSFET symbol ) 
showing the integral 6 


reverse P-N junction rectifier 


Tc=25°C, Ils=—12A, Vas=OV- 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
Continuous Source Current 
(Body Diode) -12l| a 
, IRF9531/IRFP9131 
Ss 
IRF9532/IRFP91 32 -~i0ol A 
IRF9533/IRFP9133 
IRF9532/IRFP9132 -4ol A 
IRF9533/IRFP9133 
Diode Forward Voltage (2) 
Vsp_ | IRF9530/IRFP9130 —-6.3| A 
IRF9531/IRFP9131 
Tc=25°C, Is=—10A, Vgs=O0V 
| ty | Reverse Recovery Time oe T;=150°C, Ir=—6.0A, die/dt=100A/yS 
Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 


Symbol | Characteristic ‘Min | Typ | Max |Units| Test Conditions 

IRF9530/IRFP 9130 

Pulse Source Current 

(Body Diode) (3) _agl a 

IRF9530/IRFP9130 

IRF9531/IRFP9131 

IRF9532/IRFP9132 

eee 33 

(3) Repetitive rating: Pulse with limited by max. junction temperature 


ae 80us Pulse Test 
cet le 
en nce 


Vps>lpyon) X RDsion) Max. 


Fi Mh | 
PTT Are 
Maia 


e/a 


ooo 
ftb Saee 
Ves= —6V 


a 
22sw eee 
+++ — Ves= —- SVT 


A CET GE (2S Pel Ga A ees ee ees - 
0 -10 — 20 — 30 — 40 -—50 —60 0 —2 =A -6 =§ — 46 =12 =i 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 

Typical Output Characteristics Typical Transfer Characteristics 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


PSamsunig - 
ELECTRONICS 


IRF9530/9531/9532/9533 P-CHANNEL 
IRFP9130/9131/9132/9133 POWER MOSFETS 


—25 — 100 Soe nape ane Eat RE Sees. 
80yus Pulse Test P| OPERATION IN THIS AREA IS LIMITED BY Rosion) +++44 
| 


= es en = Sean 
80 ESErer ees eat — 
= a INIT Ty 

‘—EREEEYZ - 
uw c 
fi 

ng -10 
: a : 
~ -15 be 

: Y 5-50 
WW c 
cx c 

Ss 3-20 

2 2410 z 

z < 

< © -10 
ra) : 
« i=) 

s ~ = 

=6§ ; 
- -0.2 
f .-—a 
2/77 ee ee ee ee -0.1 
0 -2 -4 -6 -8 -10 -12 -14 -16 -18 —20 -10-20 -50 -10 -20 -50 -—100 —200 -—500 -1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


1 Duty Factor p=! 
t 


a 
2 Per Unit Base=Rmjc=1.67Deg C/W 
3 Taw-To=Pom Zmuc (t) 


Zthuc(0/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10°° P 2 5 10°' 2 5 10° 2 5 10°' 2 5 1 2 5 10 


t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


—100 
80us Pulse Test “7 — —50 
a Voslpyon) X Rosionymax i 
” x 
a at 
= — 
a < 
2) 5S = 
a 
9 ae 
< © _sofp- + 
5 rs) a 2 io 
2 z 
< 
z 
re) © -20 
oO 
g 4 
z a n!. 
= Ww 
f= > 
” Ww 
go x -0. 
. g 
-0.2 
-0.1 
0 —10 -15 —20 —25 0 = -2 -3 -4 -5 -6 
es “he DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
ypical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


ELECTRONICS 


IRF9530/9531/9532/9533 P-CHANNEL 
IRFP9130/9131/9132/9133 POWER MOSFETS 


1.25 


oO 
Ke) 
oO 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.85 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 80 


0.75 
—40 0 120 160 —40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


|Ciss= Cgs+Cgd, Cds SHORTED} 
| Crss=Cgd | 


Vps = — 80V 
Vps = —50V 
Vps= —20V 

t t 


Cgs Cgd 
Cgs + Cgd 
=Cds +Cgd 
__ ] = 


+ + 


tT Coss= Cds+ 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 = 10 — 20 = 30 = 40 -50 0 8 16 24 32 40 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rosion). MEASURED WITH CURRENT PULSE OF 
2.0us DURATION INITIAL Ty=25°C (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 

T T — + T 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -8 -~16 ~24 — 32 —40 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


IRF9530/9531/9532/9533 P-CHANNEL 
IRFP9130/9131/9132/9133 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve - 


ELECTRONICS 


IRF9540/9541/9542/9543 
IRFP9140/9141/9142/9143 


P-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Vos_| Rosion | lo | 


Part Number 


IRFP9140/9141/9142/9143 


IRF9541/IRFP9141 


IRF9542/IRFP9142 


IRF9543/IRFP9143 


MAXIMUM RATINGS 


IRF9541 IRF9542 IRF9543 


Characteristic 
_— IRFP9141 | IRFP9142  IRFP9143 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MQ)(1) VpGR —100 
Gate-Source Voltage 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) IDM 
Gate Current—Pulsed lam | 
Single Pulsed Avalanche Energy (4) | Eas 
Avalanche Current | las i = 19 
Total Power Dissipation @ Tc=25°C Pp 125 

| Derate above 25°C 10 
Te ee Range Tie 1 = te 180 
Maximum Lead Temp. for Soldering Tr 300 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cyclex2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=3.5mH, Vag=—25V, Rg=25N, Starting Ty=25°C 
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IRF9540/9541/9542/9543 P-CHANNEL 
IRFP9140/9141/9142/9143 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Gharaterio [Win] Typ] Max [Unite] Test Condiions 


Drain-Source Breakdown Voltage 
IRF9540/IRFP9140 -100 
IRF9542/IRFP9142 
BVpss 
IRF9541/IRFP91 41 
‘aaa 43 
Gate Threshold Voltage noted Bal ED Vos=Ves, Ip=—250uA 


ess. [Gate-Souce Leatage Forward || —|100[nA| Vesr-20V 
Fess [ate-Souce Letage Reverse | —|—|-100] na Vesr@v 


losg | Zero Gate Voltage = | = | 250 | ua | Vos=Max. Rating, Ves=OV 
Drain Current =| = frooo| pa | Vos=Max. Ratingx0.8, Vas=OV, To=126°C 
On-State Drain-Source Current (2) 
IRF9540/IRFP9140 -19 A 
IRF9543/IRFP9143 
IRF9541/IRFP9141 45 4 
IRF9543/IRFP9143 


Static Drain-Source On-State 
Resistance (2) Q 
IRF9540/IRFP9140 
IRF9542/IRFP9142 
IRF9541/IRFP9141 03 
reco" 43 
/ gis__| Forward Transconductance | Forward Transconductance (2) | woo Vps<—50V, Ip=—-10A 
Ciss | Input Capacitance ace 
Output Capacitance | at | eta | 
Reverse Transfer Capacitance eed 
| staat Turn-On Delay Time = 
Pt [Rsetme | 
 tayorn | Turn-Off Delay Time es | 
| Fat time [eo] 1 | ns 


Vps<—5.7V, Ves=—10V 


Ves=—10V, Ip=—10A 


Ves=OV, Vos=—25V, f=1.0MHz 


Vpp=0.5BVpss, Ip=—-10A, Zo=4.70 
(MOSFET switching times are essentially 
independent of operating temperature) 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 
Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


THERMAL RESISTANCE 


10 how [ 


Mounting surface flat, 
R -to-Sink 0.5 
Junction-to-Ambient 80 KW | Free Air | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


Ves=—15V, IpD=—24A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


IRF9540/9541/9542/9543 P-CHANNEL 
IRFP9140/9141/9142/9143 POWER MOSFETS 


Modified MOSFET symbol D 
showing the integral 


reverse P-N junction rectifier 


‘Symbol Characteristic ‘Min | Typ | Max |Units| Test Conditions 
Continuous Source Current 
IRF9540/IRFP9140 ae | 
IRF9541/IRFP9141 
Pulse Source Current 
(Body Diode) (3) 
IRF9541/IRFP9141 
IRF9542/IRFP9142 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
(Body Diode) 
seme [f= 
IRF9540/IRFP91 40 
IRF9543/IRFP9143 


Diode Forward Voltage (2) 
Vsp_ | IRF9540/IRFP9140 
IRF9541/IRFP9141 


IRF9542/IRFP9142 
IRF9543/IRFP9143 


Tc=25°C, Is=—19A, Ves=OV 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


sd A 


ene 
7 


| A 
20 FE 


[Vers =v] 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 -10 —20 —30 — 40 -50 —60 0 -2 = =6 =i§ ~10 -12 —-14 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


Zar 


prrmsonas 


ELECTRONICS 


IRF9540/9541/9542/9543 
IRFP91 40/91 41/9142/9143 


P-CHANNEL 
POWER MOSFETS 


50 


~ 45 


-40 


—35 


—30 


ip 
i aanene 


Gos 


Ves=—7V 
j++ = aa 


) Annee 


ed mee Gan ame 
ae 
—_/_2 Zn en) Gee ee ee 
0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


—25 


— 20 


—15 


Ip, DRAIN CURRENT (AMPERES) 


-10 


=5 


en 


HHH 


ne 
bs i 100ms 
alii Hee si 
To =25°C to ona ot tH — 
T,=150°C MAX. 


Rinuc = 1.67 K/W Sorte TT ee 
SINGLE PULSE 


Ip, DRAIN CURRENT (AMPERES) 


-~0.1 -2.0 -5.0 -10 -20 -50 -100 —200 -—500-1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


‘oe = 2 eae ee 
———sssece — 


Ztnsc/Rynac, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10°> 5 10“ 2 5 to" 


1 Duty Factor D=— 
a 

2 Per Unit Base=Rmjc=1.0 Deg C/W 

3. Ty To =Pom Zinc (t) 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


gfs, TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transcounductance Vs. Drain Current 


—100 aan Ge CS EE eG ee es ee) 
2 A SS ST SE Le a SS SE See Be See 


lpr, REVERSE DRAIN CURRENT (AMPERES) 
on 
=) 


0 -1 -2 -3 -4 —5 -6 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


ELECTRONICS 


228 


IRF9540/9541/9542/9543 P-CHANNEL 
IRFP91 40/91 41/9142/9143 POWER MOSFETS 


1.15 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVonss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.95 
“LE 
wal 
—40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


a 

be 

1600 re} 
S 

Ww 

rs O 
& f=1MHz Pos 
Ww 1200 Ciss=Cgs+Cgd, Cds SH 5 
3 Crss=Cgd = 
Cgs Cgd oO 
: Cgss=Cds+— 2 = 
a a00 Cgs+Cgd fo} 
bs &Cds+Cgd | 3 
3 ' 
< 

ro} 

400 a 

> 


0 -10 -20 —30 —40 —50 0 20 40 60 80 100 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rosyon) MEASURED WITH CURRENT 
PULSE OF 2.0us DURATION. INITIAL 
T)=25°C (HEATING EFFECT OF 
2.0us PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -10 -—20 -30 -40 -50 -60 -70 -80 -90 -100 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


IRF9540/9541/9542/9543 P-CHANNEL 
IRFP9140/9141/9142/9143 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 
© 
is) 


0 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


P-CHANNEL 
IRF9610/9611/9612/9613 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


IRF96 10/961 1/9612/9613 


Part Number 
IRF9610 


IRF9611 


IRF9612 


HK - -————— 


IRF9613 


MAXIMUM RATINGS 


Characteristic | Symbol_| inF9610 | iRFa611 | IRF9612 | IRF9613 | Unit 


Gate-Source Voltage Ves 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) P : ; 


Gate Current—Pulsed 
Single Pulsed Avalanche Eneray(4) Eas 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 


Operating and Storage - 
Junction Temperature Range 55 to 150 


Maximum Lead Temp. for Soldering Tr 300 °C 


Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=59mH, Vag=—50V, Rg=25N, Starting Ty=25°C 
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ELECTRONICS. 


P-CHANNEL 
IRF9610/9611/9612/9613 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [in| Typ | Max [Unite] ‘Test Condione 


Drain-Source Breakdown Voltage 200 y 
BVoss IRF9610/9612 
D 
roeii9619 |-veo| — | — | v_ 


Gate Threshold Voltage 


Ves=0V 
Ip=—250yuA 


vA | Voo=Max Rating, enV 


Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


< 


VGsSith) 


lass | Gate-Source Leakage Forward 


lass_ | Gate-Source Leakage Reverse 


Zero Gate Voltage 
Drain Current 


On-State Drain-Source Current (2) 
IRF9610/961 1 , 


IRF9612/9613 |-1. 


Static Drain-Source On-State 
Resistance (2) IRF9610/9611 


IRF961 2/9613 


Forward Transconductance (2) 


Vos<—7.8V, Ves=—10V 


a he) 
3 ro) 


oO 


Ves=—10V, Ilp=—0.9A 
Vos <—50V, Ip=—0.9A 


Ves=OV, Vos=—-25V, f=1.0MHz 


Rpsvon) 


oe) 


Ciss 
Coss 
Crss 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 
Vpp=0.5BVpss, Ip=—1.5A, Zo=50N 


(MOSFET switching times are essentially 
independent of operating temperature) 


om 
= 
= 
mx 
a8 


Rise Time 
Turn-Off Delay Time 
Fall Time 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) Ves=— 15V, Ip>=—-4.0A, Vops=0.8 Max. Rating 
(Gate charge is essentially independent of 


Gate-Source Charge 
operating temperature.) 


Gate-Drain (‘‘Miller’) Charge 


1%) 
” 


Rio [JunctontoGase [| 64|KW] SCS 
Rinos |Case-to-Sink | — | 1.0, — | K/W | Mounting surface flat, smooth, and greased 
Rthua | Junction-to-Ambient /—|—- | 80 [Kw] Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRF9610/961 1/961 2/9613 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Ism 


Vsp 


Diode Forward Voltage (2) 


Characteristic Min 


Continuous Source Current 
(Body Diode) IRF9610/961 1 


IRF9612/9613 


Pulse Source Current 
(Body Diode)(3) IRF9610/9611 


IRF9612/9613 


Typ | Max | Units Test Conditions 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier 


IRF9610/961 1 
IRF96 12/9613 


Notes: 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Reverse Recovery Time 


(1) Ty=25°C to 150°C 


Tc=25°C, Ils5=—1.75A, Vas=OV 


Tc=25°C, Is=—1.5A, Vas=OV 


Tj=150°C, lF=—3.0A, di-/dt=100A/uS 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 


Ves= —8V 


EEE Ves= —6V 
a 
fp et 


Tri rt rreryer efi 
ARSERSEREEE 
Zaye En ee) EE ee ee ee 
0 —20 — 40 —60 — 80 -100 -—120 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


-2 


=1 


[ference 


Li 
LIAL ET 
TWEE es 


PAT TET 
ZA 


-2 


= 


Ves= -—4V 


-10 -12 -14 -16 -18 -20 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


ip, DRAIN CURRENT (AMPERES) 


509 ft OPERATION IN THIS AREA IS LIMITED BY —++t++ 
ae it Rosion) 


05-1 [——T—T TASS 
ee TTT ERRS§ ft oms CEE 
po fy Ti= 150° MAX. HHH BNR "8 


- ie a 

a } 
er =i: 
Pt tt et | ms +++ 


| Rinse = 1.67 K/W 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


Oe 


¥ 100ms een! 
COTTON os TTT 


LUE 


2 5 10 20 50 100 200 500 1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


tencne” 
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P-CHANNEL 
IRF9610/9611/9612/9613 POWER MOSFETS 


1 Duty Factor O=— 


2 
r 2 Per Unit Base=Rnj.-=6 4 Deg C/W 
T~ 3 Ta-To=Pom Zac (t) 


Ztnuc(O/Rtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


105? 5 10“ 2 5 10°' 2 S 107? 2 5 10°' 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


al ee Ge Gee es Ee 
80us Pulse Test ee a a ee es as AR oe 


Vps>Ipon) X Rosonymax. 


gfs, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


“0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


“LETT TTT TTT 


1.05 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


— 40 fy) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


P-CHANNEL 


IRF9610/9611/9612/9613 POWER MOSFETS 


Ros ton  DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


Ciss= Cgs+Cgd, Cds SHORTED ; 
Crss=Cgd | eee 


Coss= Cds+ Ses Cas 


Cgs + Cgd 
=Cds + Cgd 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) * O6 TOTAL GATE CHARGE (nc) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


ef] tT | tT tT Tt 
Mw | | tt | 
mE] 
Pt NS 


ae 
tp NR 
ERNE 


Rpsion. MEASURED WITH CURRENT PULSE OF 


2.0us, DURATION INITIAL Ty25°C (HEATING 


Ip, DRAIN CURRENT (AMPERES) 
| 
o 


of ae 
of CEN 
‘= 
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 25 ut 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


20 


20 40 60 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


P-CHANNEL 
IRF9620/9621/9622/9623 POWER MOSFETS 


FEATURES TO-220 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


PRODUCT SUMMARY 


Part Number Vos Rpsion) Ip 
eee -~200V | 1.502 | -—3.5A 
sree —-150V;} 1.50 | -—3.5A 
sila —200V | 2.40 —3.0A 

— an 
IRF9623 


MAXIMUM RATINGS 


IRF9620 IRF9621 IRF9622 IRF9623 
Characteristic Symbol 
Drain-Source Voltage (1) Voss —200 
Drain-Gate Voltage (Ras=1.0M0)(1) VparR —200 —150 200 =—160 Vdc 
Gate-Source Voltage Vas +20 Vdc 
Continuous Drain Current Tc=25°C 
Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) IDM —-14 —-14 -—12 =—12 Adc 
Gate Current—Pulsed Iam +1.5 Adc 
Single Pulsed Avalanche Energy (4) Eas 270 mJ 
-———_—-—__—— eR + a Jee 
|_ Avalanche Current las | se A 
Total Power Dissipation @ Tc=25°C Pp 40 Watts 
Derate above 25°C _j 0.32 W/°C 
Operating and Storage 7 i 
Junction to Case Ty, Tstg oe ta ans C 
Maximum Lead Temp. for Soldering + 300 °C 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=35mH, Vag=—50V, Rg=25N, Starting Ty=25°C 
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P-CHANNEL 
IRF9620/9621/9622/9623 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


(Gate-Source Plus Gate-Drain) Vas=—15V, Ip=—4.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 


operating temperature. ) 


| sa | Gate-Source Charge 
| Qo Gate-Drain (‘‘Miller’) Charge 


THERMAL RESISTANCE 


Symbol _ Characteristic 


‘Symbol Characteristic ‘Min | Typ | Max |Units| Test Conditions 
Drain-Source Breakdown Voltage 
BV IRF9620 V_ | Ves=O0V 
PSS | IRF9622 
Ip=—250uA 
IRF9621 y 
IRF9623 
Vaesith) | Gate Threshold Voltage V_ | Vos=Ves, Ip=—-250yuA 
lass | Gate-Source Leakage Forward 100 | nA | Ves=—20V | 
lass_ | Gate-Source Leakage Reverse —100} nA | Ves=20V | 
: 
loge | ZETO Gate Voltage 250 | HA | Vos=Max. Rating, Ves=OV 
Drain Current — | — |1000| pA | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
On-State Drain-Source Current (2) 
| salle eo | eit BAY, Veet 
Dion) | iRF9621 | ps<—&.4V, Ves=—10 
IRF9622 
IRF9623 oi |e 
Static Drain-Source On-State 
Resistance (2) 
Rpsion) | IRF9620 —|— 1.5 Q | Ves=—-10V, Ip=—-1.5A 
IRF9621 
IRF9622 _ Q 
IRF9623 
T 
Ofs Forward Transconductance (2) 1.0 — U | Vps<—50V, Ip=—-1.5A 
Ciss | Input Capacitance — |405|; — pF 
Coss | Output Capacitance — |85.5) — | pF | Ves=OV, Vos=—25V, f=1.0MHz 
Crss_ | Reverse Transfer Capacitance | | a7] = | pF | 
Turn-On Delay Time — 40 ns 
Vpp=0.5BVpss, Ip=—-1.5A, Zo=500 
tr Rise Time SO (MOSFET switching times are essentially 
taoft) | Turn-Off Delay Time independent of operating temperature) 
tf Fall Time 
Total Gate Charge 
Qg 


Rthuc | Junction-to-Case K/W 


Mounting surface flat, 
| smooth, and greased 


Rtncs | Case-to-Sink . K/W 


Junction-to-Ambient K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF9620/9621/9622/9623 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol 


Characteristic Min 
Continuous Source Current 
(Body Diode) 

IRF9620 

IRF9621 


Typ 


Max 


Units 


IRF9622 
IRF9623 


| ; 

Pulse Source Current(Body Diode)(3)| 
IRF9620 
IRF9621 


| showing the integral 


IRF9622 
IRF9623 


+ + + 


Test Conditions 


Modified MOSFET symbol 


3) 
% 
S 


reverse P-N junction rectifier 


Diode Forward Voltage (2) 
IRF9620 
IRF9621 


IRF9622 
IRF9623 


Tc=25°C, Is=—3.5A, Ves=OV 


Tc=25°C, Ils=—3.0A, Ves=OV 


Ip, DRAIN CURRENT (AMPERES) 


Reverse Recovery Time 


> (1) Ty= 


300 


ns 


T}=150°C, lF=—3.5A, dlir/dt=100A/uS 


25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


—12 


| ol Ay Ves= —12V ot gt 80us Pulse Test 
OT rl 


= {+ Ves= -9V 


CW 
PLC eee 


J ae a — ee 
| nETanEtneE 
|| | vs=-ev 


ps = —6v | 


Pi i] | | | tt 
(eee ee ae Ves= —5V 


eC a a HE Se 

0 — 20 — 40 —60 -80  -100 

Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


ml 


peansanad 


ELECTRONICS 


-—120 


Ip, DRAIN CURRENT (AMPERES) 


| | 20us Pulse Test 


—2 -—4 -6 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 
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P-CHANNEL 


IRF9620/9621/9622/9623 POWER MOSFETS 


Zthsc(tWRtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) Ip, DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


-1 00 ee FA i Ee Se ES ee 


7 a AE OO 
ar) ee = Sistas tail 


la| ye ae 
RNY oe 
nee anata —Sarxsil-@aa 


-20 SPT SSS CTT 


. Looe NRL 


Ip, DRAIN CURRENT (AMPERES) 
Tl 
S) 


-2 -4 -6 -8 -10 ~-12 -14 -16 -18 -—20 -~1.0 -2.0 -5.0 -10 -20 -50 -100-200 -500-1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


1 Duty Factor D=— 
2 

2 Per Unit Base=Rmy yc =3.12Deg C/W 

3 Taw To=Pom Zinc (t) 


10° 5 10% 2 F 5 Ne io" = 2 10 
ti. SQUARE WAVE PULSE DURATION act en 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vps>lpyon) x Rosvonymax 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


P-CHANNEL 
IRF9620/9621/9622/9623 POWER MOSFETS 


Ros(on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Ciss= Cgs+Cgd, Cds SHORTED 

| 
Coss= Cds+ Se 
400 ~ Cgs + Cgd 
=Cds + Cgd 


C, CAPACITANCE (pF) 


100F 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 =10 —20 — 30 — 40 —50 0 4 8 12 16 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


| 
Rosiony MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL Ty =25°C (HEATING 


EFFECT OF 2.0us PULSE IS MINIMAL) 
ie | Tr a Sn See a & 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on. DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -2 -4 -6 -8 -10 —12 -14 -16 -18 -20 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


P-CHANNEL 
IRF9620/9621/9622/9623 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 
i) 
fs) 


0) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


IRF9630/9631/9632/9633 P-CHANNEL 
IRFP9230/9231/9232/9233 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability IRF9630/9631/9632/9633 


PRODUCT SUMMARY 


Part Number 
IRFO63O/IRFP9230 | —200V| 0.89 | -6.5A 
} a" 
i IRF9631/IRFP9231 | -150V) 0.80 | -6.5A sicesaingsloeeca Asean 
| | 
IRF9632/IRFP9232 —~200V| 1.20 | —5.5A 


IRF9633/IRFP9233 


MAXIMUM RATINGS 


— IRF9630 IRF9631 
Characteristic IRFP9230 IRFP9231 


IRF9632 
IRFP9232 


IRF9633 
IRFP9233 


Drain-Source Voltage (1) —150 —200 —150 
Drain-Gate Voltage (Ras=1.0M0)(1) -150 —200 = 15) Vdc 
Continuous Drain Current Tc=25°C —5.5 Adc 

-3.5 | Adc 

=22 | Adc 
Gate Current—Pulsed Iam +15 Adc 
Single Pulsed Avalanche Energy (4) Eas 260 mJ 
Avalanche Current las —6.5 | A 
Total Power Dissipation @ Tc=25°C Pp 7s Watts 
Derate above 25°C 0.6 ! W/°C 
ae | t, Tot 85 to 160 | ce | 
Maximum Lead Temp. for Soldering Tr 300 °C 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=14mH, Vag=—50V, Rg=25N, Starting Ty=25°C 


ELECTRONICS 


IRF9630/9631/9632/9633 P-CHANNEL 
IRFP9230/9231/9232/9233 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic Min | Typ | Max |Units Test Conditions 


Drain-Source Breakdown Voltage 
IRF9630/IRFP9230 -200} — 
IRF9632/IRFP9232 


IRF9631/IRFP9231 
IRF9633/IRFP9233 


Vesitn) | Gate Threshold Voltage 2.0 Descae Vos=Ves, Ip=— 250A 


less Gate-Source Leakage Forward nA | Ves=—20V 


Ves=O0V 


BVpss Ip=—250yuA 


lass Gate-Source Leakage Reverse —|j|—- ~1001 nA | Ves=20V 
Vps=Max. Rating, Veas=OV 
Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


Zero Gate Voltage sone een 
Drain Current _ = 


Ipss 


On-State Drain-Source Current (2) 


IRF9630/IRFP9230 
IRF9631/IRFP9231 


ID(on) 
IRF9632/IRFP9232 55 A 
IRF9633/IRFP9233 , 


Static Drain-Source On-State 
R -| Resistance (2) Q 
OS(on) | IRF9630/IRFP9230 
IRF9631/IRFP9231 
IRF9632/IRFP9232 19 
_ eae 
Ots Forward Transconductance | Forward Transconductance (2) _ soy Vps<— 50V, Ip=—-3.5A 
Ciss Input Capacitance — 812| — | pF | 


Coss Output Capacitance _ 318) —_ pF Ves=OV, Vos=—25V, f=1.0MHz 
Crss Reverse Transfer Capacitance — |72.6 | = | pF 


t Turn-On Delay Time - 50 
d(on) y |= | 50 | ns | Vpp= 0.5BVpss, Ip=—3.5A, Zo=500 
t | Rise Time | = | = | 100 | ns | (MOSFET switching times are essentially 


Turn-Off Delay Time ae independent of operating temperature) 


Vposx—7.8V, Ves=—10V 


Ves=—10V, Ip=—-3.5A 


Fall Time 


Ves=—15V, Ip=—8.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Total Gate Charge 45 
(Gate-Source Plus Gate-Drain) 
ga | Gate-Source Charge 20 

| Qo | G Gate-Drain (‘Miller’) Charge = 25 se 


THERMAL RESISTANCE 


Rincs Peicadstes. Sink K/W Mounting surface flat, 
smooth, and greased 
Junction-to-Ambient GET ET Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF9630/9631/9632/9633 P-CHANNEL 
IRFP9230/9231/9232/9233 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Characteristic i Test Conditions 


Continuous Source Current 

(Body Diode) 

IRF9630/IRFP9230 

ls | IRF9631 IRFP9231 | L —_|— 
| IRF9632/IRFP9232 _|_—|l-55/ a 

_ IRF9633/IRFP9233 Modified MOSFET symbol 

r. 7 | showing the integral 


reverse P-N junction rectifier 


| Pulse Source Current 
(Body Diode) (3) 
IRF9630/IRFP9230 
IRF9631/IRFP9231 


IRF9632/IRFP9232 
| IRF9633/IRFP9233 


+ ———— - -4—- 


Ism 


Diode Forward Voltage (2) 
Vsp IRF9630/IRFP9230 
IRF9631/IRFP9231 


IRF9632/IRFP9232 
IRF9633/IRFP9233 


A Tc=25°C, Is=—6.5A, Ves=O0V 


Tc=25°C, Is=—5.5A, Vas=OV 


Reverse Recovery Time Tj=150°C, IF=—6.5A, dir/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cyclex2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


i 80us Pulse Test 


Vos>lpion) X RDsjon) Max. 


SS SS SS TT 


+ 
Ves= -9V 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


—4 ] 
see es aaa 
A Vos= = av 


0 —20 — 40 —60 — 80 -100 -120 0 2 =i -~6 8 -~10  -12 —14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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ELECTRONICS 


IRF9630/9631/9632/9633 P-CHANNEL 
IRFP9230/9231/9232/9233 POWER MOSFETS 


| 
are 
fo) 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


0 -5 -10 -15 -20 -25 -30 -35 -—40 -45 -50 -1.0 -2.0 ~-5.0 -10 -20  -50 -—100 -200 -~—500 -—1000 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


1 Duty Factor D=— 


2 Per Unit Base= ae 67Deg C/W 
3 Tyw-To=Pom Zc (t) 


—_1—_+—-+ 44+ 444 


Ztnsc(t/Rthac, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


5 i 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal impedance Junction- to-Case Vs. Pulse Duration 


— 100 } +} —__+—__+__ + TE Ta a) Ka A ST TY 


IAAT 
Aas 
AM} tt i | tt 


pei tt 
PCE 


0 -2 -4 -6 -8 -10 -12 -14 -16 -18 —20 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE acm 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


=1.0 
aa 


gfs, TRANSCONDUCTANCE (SIEMENS) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 
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ELECTRONICS 


IRF9630/9631/9632/9633 
IRFP9230/9231/9232/9233 


P-CHANNEL 


POWER MOSFETS 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
C, CAPACITANCE (pF) (NORMALIZED) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0.75 
- 40 120 
. es ee (°C) 


Breakdown Voltage Vs. Temperature 


160 


| 


Cgs Cgd 
Cgs + Cgd 
=Cds + Cgd 


ASPECT 
TS 


0 -—10 —20 —30 — 40 —50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


2.5 


Rosion). MEASURED WITH CURRENT PULSE OF 
2.0us DURATION INITIAL Ty =25°C (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


2.0 


0 —10 -15 —20 —25 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


2:5 


ptt ty yt yt 
ptt ty tt Le 
ptt tt | Ar 
pt | tl 


160 


—40 120 


ty pe F a (°C) 
Normalized On-Resistance Vs. Temperature 


Vps= — 160V 
Vpos= —100V 


Vos= — 20V 


0 8 16 24 32 40 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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IRF9630/9631/9632/9633 P-CHANNEL 
IRFP9230/9231/9232/9233 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


ASE TEMPERATURE (°C) 
Power ve a i Derating Curve 
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ELECTRONICS 


IRF9640/9641/9642/9643 
IRFP9240/9241/9242/9243 


P-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 
Fast switching times 


Lower input capacitance 


Improved high temperature 


PRODUCT SUMMARY 


Improved inductive ruggedness 


Extended safe operating area 


reliability 


Part Number Vos Rpsion) Ip 


Rugged polysilicon gate cell structure 


IRF9640/IRFP9240 —-200V; 0.50 | -11A 
L — = 

IRF9641/IRFP9241 -150V | 0.50 | -11A 

IRF9642/IRFP9242 -—200V, 0.79 | —9.0A 


IRF9O643/IRFP9243 


MAXIMUM RATINGS 


Characteristic 


| Drain-Source Voltage (1) 


Gate-Source Voltage 


Drain-Gate Voltage (Ras= 1.0MQ)(1) 


Continuous Drain Current Tc=25° 
Continuous Drain Current Tc=100°C 


C 


Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 


Avalanche Current 


IRFP9240/9241/9242/9243 


Derate above 25°C 


Operating and Storage 
Junction Temperature Range 


Total Power Dissipation @ Tc=25°C 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=7mH, Vag=—50V, Rg=25N, Starting Ty=25°C 


IRF9640 —«*IRF9641 ~=—sIRF9642 ~—Ss« IRF 9643 
IRFP9240 ‘IRFP9241 | IRFP9242 | IRFP9243 
Voss -200 | -150 | -200 | -150 | Vdc 
VocR —200 -200 | -150 | Vdc 
[ Ves . +20 Vdc 
Io —11 —11 -9.0 -9.0 | Adc 
lo ~7.0 ~7.0 -6.0 -6.0 | Adc 
IDM —44 —44 —36 —37 Adc 
om +1.5 Adc | 
380 mJ 
—11 A 
125 Watts | 
1.0 w/eC 
Ty, Tstg —55 to 150 °C 


Maximum Lead Temp. for Soldering ~ 300 °C 
Purposes, 1/8” from case for 5 seconds : 


ELECTRONICS 
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IRF9640/9641/9642/9643 P-CHANNEL 
IRFP9240/9241/9242/9243 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] _Characienatio [Win] Typ] ax [Units] Tost Gonditons 


Drain-Source Breakdown Voltage 
IRF9640/IRFP9240 
IRF9642/IRFP9242 


BVpss 
IRF9641/IRFP9241 
IRF9643/IRFP9243 
Gate Threshold Voltage palate Vos=Ves, Ip=—-250uA 
Gate-Source Leakage Forward SESCiC Ves=—20V 
Gate-Source Leakage Reverse | — | — |-100] na | Ves= 20V 
lngg_ | ZOO Gate Voltage }— | — | 250 | pa | Vps=Max. Rating, Vas=OV 
Drain Current fees fee | 1000 Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) 


Ves=O0V 


Ilb>=—250yA 


Vos<—7.7V, Ves=—10V 


IRF9640/IRFP9240 
IRF9641/IRFP9241 


IRF9642/IRFP9242 A 
IRF9643/IRFP 9243 


Static Drain-Source On-State 
Resistance (2) 
R | — 10.44} 0.5 19} Ves=—10V, Ip=—-6.0A 
DS(on)  IRF9640/IRFP9240 = . 
IRF9642/IRFP9241 


Tome [wou Cucmce | — freee! — | or 
cou | Ouput Capsctancs | — [200 | — | pF | Vesm0v, Vog=~25V, f=1.0Mt 
Gm | Revere Trarwer Gapectance | — [116 | — | oF 

r 


taion) | Turn-On Delay Time _ | — | 30 


Turon Oey Te |= Sets lem Sat Ge 
“ a (MOSFET switching times are essentially 


taiott) | Turn-Off Delay Time — )— | 18 | ns | independent of operating temperature) 
t_| Fall Time : = 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) Ves=—15V, Ip=—22A, Vps=0.8 Max. Rating 


Gate charge is essentially independent of 
Gate-Source Charge 30 nC ( 
== | 20 | operating temperature.) 


ra 
| lees | Gate-Drain (‘Miller’) Charge [=| =| 60 | ne | 


THERMAL RESISTANCE 
Cwereeaos [um] 
r 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30Ous, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


iso 


ELECTRONICS 


IRF9640-3 
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IRF9640/9641/9642/9643 P-CHANNEL 
IRFP9240/9241/9242/9243 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic in| Typ | Wax [unite Test Conditions 


Continuous Source Current 

(Body Diode) 44 A 
IRF9640/IRFP9240 

IRF9641/IRFP9241 


Is 
IRF9642/IRFP9242 A 
IRF9643/IRFP9243 Modified MOSFET symbol 


| Pulse Source Current showing the integral 
(Body Diode) (3) ual & reverse P-N junction rectifier 

| IRF9640/IRFP9240 

IRF9641/IRFP9241 

SM 
IRF9642/IRFP9242 361 A 
IRF9643/IRFP9243 
Diode Forward Voltage (2) 

Vsp_ | IRF9640/IRFP9240 _ Tc=25°C, Is=—11A, Ves=OV 
IRF9641/IRFP9241 
IRF9642/IRFP9242 ° a - 
eres kaa To SO"; == 20h, Vase 


tr | Reverse Recovery Time |— [270] — | ns_ T)=150°C, IlF=—11A, dle/dt=100A/yuS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


P| | | ves 720 |_| tous Pulse Test 

Ree ARRESTS 
vt 

|| |/VTLL LiL 


Ves= -—9V 


~ 


=15 


Ip, DRAIN CURRENT (AMPERES) 
é, 
oS 
, 
Ip, DRAIN CURRENT (AMPERES) 


0 — 20 — 40 —60 — 80 — 100 —120 0 —92 =A =—§ —§ = {6 ~12 —~14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


ELECTRONICS 


IRF9640/9641/9642/9643 P-CHANNEL 
IRFP9240/9241/9242/9243 POWER MOSFETS 


Zthuct)/Rtnac, NORMALIZED EFFECTIVE TRANSIENT 


THERMAL IMPEDANCE (PER UNIT) Ip, DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


a NII 
4 q 
cx 
Ww 
S Uhh 
< rH 
= = J8 
20 ‘a N 
ri rue 
Ww 
z NING 
~15 3 
: hh 
< 
« b 
a Te =26°C +4 
s T,=150°C MAX. .s 
Rinsc = 1.67 K/W HH 
i 
0 -2 -4 -6 -8 -10 -12 -14 -16 -18 -20 -1.0 -20 -5.0 -10 -20 -50 -100 —500 —1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


a 


Duty Factor pat 
2 
2 Per Unit Base=Rp.. =1 0 Deg C’W 
— 3 Tim Ti =Pom ran K (t) 


—_ SE CD GG 


: an | _| 4 + +44 


10° 3) Lor 2 5 10°' 2 3) 10° 2 5 10°' 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vps>lp(on) X Rosionymax 


—5.0 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


=e as —— 
a pee 
a Ree? a ay 
~0.5-_| =z | ) =a 
ame © ee. aa ee a 
| | 2S eee Ge es es ee 
Pr Ae tt 
02 | |_| 
-0.1 tT et | EE LE LE 
0 -2 -4 -6 -8 -10 -12 -14 -16 -—18 -—20 0 -1 -2 -3 —4 -5 —6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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ELECTRONICS 


IRF9640/9641/9642/9643 
IRFP9240/9241/9242/9243 


P-CHANNEL 
POWER MOSFETS 


1.25 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Tj, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


+ 


Cres=Cod 1 ft 
Cgs Cgd 
Cgs+Cgd 
=Cds + Cgd C 

ISS 


Coss= Cds+ 


C, CAPACITANCE (pF) 


0 = 10 —20 — 30 — 40 —50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


| | | | | | 
Rosion), MEASURED WITH CURRENT PULSE OF 

| 2.0us DURATION. INITIAL Ty=25°C (HEATING 

EFFECT OF 2.0us PULSE IS MINIMAL) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 -—10 —20 -30 — 40 —50 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


ELECTRONICS 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 20 40 60 80 100 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 


25 50 78 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRF9640/9641/9642/9643 P-CHANNEL 
IRFP9240/9241/9242/9243 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


IRF92Z14/2Z15 P-CHANNEL 
IRF9Z10/Z12 POWER MOSFETS 


FEATURES 


Lower Robs (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF9214/215 
IRF9Z10/Z12 


PRODUCT SUMMARY 


Part Number Vos Rps(on) Ip 
IRF9Z10 —5OV 0.500) -4.7A 
| IRF92Z14 | —60V 0.50 2 | —4.7A | 
IRF92Z12 =5OV 0,70 0 —4.0A 

IRF9Z15 =60V | 0.70 a | —4.0A | 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol | IRF9Z10 | IRF9Z12 | IRF9Z14 | IRF9Z15 | 
Drain-Source Voltage (1) Vdc 
Drain-Gate Voltage (Ras=1.0MQ)(1) | Vdc 
Gate-Source Voltage Ves +20 Vdc | 
Continuous Drain Current Tc=25°C | Ip fF -—4.0 —4.7 —-4.0 | Adc 
Continuous Drain Current Tc=100°C | ID =a. —2S | SD 2.5 Adc 
Drain Current—Pulsed (3) IDM =19 =—16 seal F.) =16 Adc 
Gate Current—Pulsed lam aot Adc 
Single Avalanche Energy (4) | Eas 1.0 mj 
= = ~ tT 
__ Avalanche Current | las —4.7 A 
Total Power Dissipation at Tc=25°C Pp 20 Watts 
Derate above 25°C 0.16 W/°C 
- — + + +- 4 
Operating and Storage _ 4 
__ Junction Temperature Range Ty, Tstg ao Tov . - 
Maximum Lead Temp. for Soldering | + 300 °C 
Purposes, 1/8” from case for 5 seconds : 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=100uH, Vaga=—25V, RG=25Q), Starting Ty=25°C 
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ELECTRONICS 


IRF9214/2Z15 P-CHANNEL 
IRF92Z10/Z12 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol __Chaaseisie [win [Tyo] mex Unie] Tost Gandions 
BVpss | Drain-Source IRF9Z14/Z15| -60; — V_ | Ves=OV, Ip=—250puA 
Breakdown Voltage IRF9Z10/Z12|—50/; — — V 
Vasith) | Gate Threshold Voltage -2.0, — ,-4.0| V_ | Vps=V6es, p= =250uA 
lass | Gate-Source Leakage Forward — | — |-—100| nA | Ves=—20V 
Iass_ | Gate-Source Leakage Reverse _ — Vas=+20V 
Ipss_| Zero Gate Voltage Drain Current — — | 250 Vps=Max. Rating, Ves=OV 
— | — |1000] #* | Vps=0.8Max, Rating, Ves=20V, T)=125°C 
On-State Drain- IRF9Z10/Z14|-—4.7| — — A | Vops€—-3.29V 
| (Plen) | Source Current (2) IRF9Z12/Z15|-4.0] — | — Ves=—10V 
— —o Drain-Source IRF9Z10/Z14| — — |0.50! Q | Ves=—-10V, Ip=—-2.5A 
n-State Resistance IRF9Z12/Z15| — — |0.70 
GOts Forward Transconductance (2) 1.7) — — U | Vps=2XVes, Ip=—-2.4A 
Ciss | Input Capacitance — |308; — pF | Ves=O0V 
Coss | Output Capacitance — }/123; — pF | Vps=—25V 
Crss _| Reverse Transfer Capacitance — | 55 oa pF | f=1.O0MHz 
taion) | Turn-On Delay Time — — 9.2 ns Vop=—25 V, Ilp=—4.7A 29=240 


tr | Rise Time — | — | 71 | NS | (MOSFET switching times are essentially 
taort) | Turn-Off Delay Time _ _ 20 ns_ | independent of operating temperature) 


tt — Time ao — 59 


Total Gate Charge 
| (Gate-Source Plus Gate-Drain) Ves=—10V, Ip=—4.7A, Vps=0.8, Max. Rating 
Q Gate-Source Charge 38/1 nC (Gate charge is essentially independent of 

gs ; = ~~ 
t 


+ operating temperature. ) 
Qga | Gate-Drain (‘‘Miller’) Charge -~ |} — | 4.4 | nc | 


THERMAL RESISTANCE 


Junction-to-Case ; K/W 


Case-to-Sink ; K/W_ | Mounting surface flat 
Smooth, and greased 


Rthua Junction-to-Ambient MAX 80 K/W_ | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30Ous, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF9Z14/Z15 P-CHANNEL 
IRF9Z10/Z12 POWER MOSFETS | 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CJ) Characteristic ee ee Test Conditions 


Continuous Source IRF9Z14/10 —4.7 Modified MOSFET 
Current (Body Diode) IRF9Z15/12| — vom ee integral reverse 


Pulse Source Current IRF9Z14/10 -19| A | P-N junetion rectitier 
(3) IRF9Z15/12 = 


Diode Forward Voltage 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


sOys ree Tee 80us Pulse Test 
t +— 
a — 
wi Y) 
cc Ww 
wi xc 
. a. 
= 
< < 
_ = 
z -_ 
. z 
wa Ww 
va a 
2 = 
7 re) 
= < 
= < 
ra} cx 
(=) 
é : 
£ a=) 
2 5 10 15 20 25 : 
30 3 6 9 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
-7.5 

-6.0 ss 
ry iw 
Ww a 
ac Wu 
Ww a 
a = 

= =z | 

© 45 i, | 
. be 
—_ z 
z ui 
WW c 
c x 
c = 
2 re) 
z= —3.0 < 
< < 
= cx 
S - 
se (=) 
3 £ 

-1.5 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area | 
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IRF9214/Z15 P-CHANNEL 
IRF9Z10/Z12 POWER MOSFETS 


tS | 
ne 
SINGLE PULSE TRANSIENT ~ + an as asd tt++—+—— 4. Duty Factor b=: 
THERMAL IMPEDANCE || | | | 7 
| rr a a a TT T T a ria me ia | TTTTtT_T TT 2 Per Unit Base=Ryyc = 167 Deg CW 
$—+—+_4 4 + a {4 = a eo + Tim—Tc =Pom Zmuc (t) 


| | | | | | 
10° 5 10° 2 5 10° 2 5 107 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


ZthucitWRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


80us Pulse Test 
Vos>lpion \X Rpsion) 


Gi; TRANSCONDUCTANCE (SIEMENS) 


IpR, REVERSE DRAIN CURRENT (AMPERES) 


9 2 4 6 8 70 0 =m ~2 —3 =4 -5 -6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


0.85 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVposs. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
—40 9) 40 80 120 160 -40 0) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


aot 


ELECTRONICS 


IRF9Z14/Z15 
IRF92Z10/2Z12 


P-CHANNEL 
POWER MOSFETS 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


800 


600 


Ves=OV, f= 1MHz | 
+Ciss=Cgs+Cgd+Cds Shorted ;— 
Crss=Cgd | | | | 

| Coss=Cds+Cgd Cgs/(Cgd+Cgs) 

| |Cds+Cgd | | | 


+=Cds+Cgd 
Grande 
| ' 


| 
| 
T 
| 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


0 6 12 18 24 30 


ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


6) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


- 


‘a 


Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voitage 


| 
+ 


ie T 
IRF9Z10/14 


NG 
\ 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRF92Z24/Z25 P-CHANNEL 
IRF92Z20/Z22 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


IRF9Z24/Z25 
IRF9Z220/2Z22 


PRODUCT SUMMARY 


Part Number 
IRF9Z20 

/  IRFOZ24 

IRF9Z22° 

IRFOZ25 


ABSOLUTE MAXIMUM RATINGS 


| Drain-Source Voltage (1) eat 

Drain-Gate Voltage (Ras=1-0MQ)(1) | 
_ Gate-Source Voltage es a _ | Vde 
__Continuous Drain Current Tc=25°C —_ Ip | 79.77 78.9 =—9.7 —8.9 Adc 
I Continuous Drain Current Tc=100°C © eh 6,0 ~6.1 =—5.6 | Adc 
if Drain Current—Pulsed (3) si} stm | SD —36 —39 736 Adc 
| Gate Current—Pulsed | oe | Iem | ; +15 Adc 

Single Pulsed Avalanche Energy (4) = | _ ~— Eas” 7 ae mJ 
i Avalanche Current ee a | tas. _ i —9.f A 

Total Power Dissipation at Tc=25°C Pp 40 Watts 
| Derate above 25°C © ; =o ; 0.32 W/°C 

Operating and Storage Ts, Teta ] 55 to 150 °C 
7 Junction Temperature Range ae | — 

Maximum Lead Temp. for Soldering 300 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cyclex2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=100yH, Vag=—25V, Ra=250), Starting Ty=25°C 
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ELECTRONICS 


IRF9Z24/Z25 P-CHANNEL 
IRF92Z20/Z22 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol hwreswite [wn [in] wx Unis] Test conaons 


BVpss | Drain-Source IRF9Z24/Z25| -60| — Ves=OV, Ip=—250yuA 
Breakdown Voltage IRF9Z20/Z22| —50 


Vesith) | Gate Threshold Voltage ~Z 0 


Vos=Ves, Ib=—250yA 
Ves=—20V 
Ves=20V 
Vps=Max. Rating, Vas=OV 


Iass_| Gate-Source Leakage Forward — 


+ 
lass_ | Gate-Source Leakage Reverse -- 
aa | | 


Ipss_| Zero Gate Voltage Drain Current — 


Vps=0.8Max. Rating, Tc=125°C, Ves=OV 
| On-State Drain- IRF9Z20/Z24 -97) Vps< —3.2V 
Pion) | Source Current (2) IRF9Z22/Z25/-8.9 Ves=—10V 


R | Static Drain-Source IRF9Z20/Z24| — Jo.18, 0.28 Ves=—10V, lp=—-5.6A 
>S(on) | On-State Resistance IRF9Z22/Z25| — 
—— 
Qts | Forward Transconductance (2) 2.3 Vos=2XVes, Ilp=—5.6A 
Ciss | Input Capacitance — |635 Ves=O0V 
Coss | Output Capacitance — |218 Vos=—25V 
oe 4 : — —— —{—- 
Crss ! Reverse Transfer Capacitance — |105 f=1.0MHz 
f ~ 7 
taion) | Turn-On Delay Time — | 8.2 
po Vop=—25 V, Ilp=—-9.7A Rg=180 
tr Rise Time — Rp=2.40, 
taiott) | Turn-Off Delay Time = (MOSFET switching times are essentially 
[ | independent of ating tempe 
tf Fall Time — | 25 niece eile Paraune) 


Q Total Gate Charge _ |47 
3 | (Gate-Source Plus Gate-Drain) 


Ves=—10V, Ip=-9.7A, Vps=0.8Max. Rating 
(Gate charge is essentially independent of 
operating temperature.) 


Qgs | Gate-Source Charge — | 4.1 
Qga | Gate-Drain (‘Miller’) Charge — |5.7!| 86 


THERMAL RESISTANCE 


Rinse | Junction-to-Case MAX 3.1 K/W Po 


Rthcs Case-to-Sink T¥P 1.0 K/W_ | Mounting surface flat 
smooth, and greased 


Rthua Junction-to-Ambient MAX 80 K/W Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


260 


ELECTRONICS 


IRF9Z24/2Z25 
IRF9Z20/Z22 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 


Modified MOSFET 
integral reverse 


Pulse Source Current 


P-N junction rectifier 


Diode Forward Voltage 


Tc=25°C, Is=—9.7A, Vas=OV 


Reverse Recovery Time 


T)=25°C, IrF=—-9.7A, dir/dt=10S 


=1 =2 —3 —4 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
80us Pule Tes 
a es 
: : 
<= < 
: 
o cc 
P=} ec 
: 3 
: 2 
& é 
2 c) 
0) = 5 -10 —15 =—20 =25 —30 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) epomne 


Typical Output Characteristics 


80us Puls Test 
ul 1 
Ves=—10V 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


—1 —2 -3 —4 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


—5 


-5 -10 -5 -102 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


ELECTRONICS 
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P-CHANNEL 
POWER MOSFETS 


IRF92Z24/Z25 
IRF92Z20/Z22 
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ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 
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a ae 


ee a | 
> + 
a 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voitage 


102 
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(SAY3dWV) LNSYYND NIVYGC 3SH3A3" *49| 


80us Pulse Test 


DRAIN CURRENT (AMPERES) 


Ip, 
Typical Transcounductance Vs. Drain Current 


(SN3IN3IS) JONVLONGNOOSNVHL ‘S45 


—25 


—7£5 —50 
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N Se 
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JONVLSISSY NO JOYNNOS-OL-NIVHG “HOSay 
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Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 
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IRF9Z24/Z25 P-CHANNEL 
IRF92Z20/222 POWER MOSFETS 


| 


Ves=OV, {=1MHz | 
Ciss=Cgs+Cgd, Cds SHORTED 
| 


Crss=Cgd | | a 

| — 

800 Gese= Cgs Cdg —— a 
s=Cds+ ———__———_ | 

a 7 Cgs+Cgd “4 

= Cds+Cad_ | = 

_ + t Ww 

re | Ciss | Oo 

S re 

wi ~600 ol 

O re) 

ra > 

: ' 

5) a 

5: 3 

qx 400 ” 

e fe) 

5 ws 

- 

<x 

Oo 

200 F 

Oo 

> 


8 16 24 32 40 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Mg, TORAL GATE CHARGE {80} 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


80us Pulse Test 
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Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Py. POWER DISSIPATION (WATTS) 


6) 20 40 60 80 100 120 140 180 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


263 


ELECTRONICS 


IRF9Z34/Z35 P-CHANNEL 
IRF9Z30/Z32 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRF9Z34/Z35 
IRF9Z30/Z32 


PRODUCT SUMMARY 
_PartNumber | Vos | Ros(on) | to 
IRF9Z30 

IRF9Z34. 
IRF9Z32 
—IRF9Z35° 


—18A 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Drain-Source Voltage (1) a 7 oe —  60V _ Vde 
Drain-Gate Voltage (Ras=1.0MQ)(1) 7 | VocR | 60 |. -60V—— | Ve = 
| Gate-Source Voltage ; | Ves | £20 | Vde 
Continuous Drain Current Tc=25°C Ip [ =18 =15 | 18 =15 iz Adc © | 
| Continuous Drain Current Tc=100°C | a) a 0. —8.3 | —60 —50 | Adc | 
Drain Current—Pulsed (3) | IDM —60_ —50 | —60 —50 _ ___ Adc | 
Gate Current—Pulsed _ lem ; eT | Ade 
Single Avalanche Energy (4) | Eas oe 13 a oe mj | 
| Avalanche Current : | las |  —18 7 [| A | 
Total Power Dissipation at Tc=25°C Pp 74 Watts | 
Derate above 25°C | | 0.59 — ee | 
a es ee [Ta Tsta “85101508 
Maximum Lead Temp. for Soldering TL 300 - | ; °C - 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=100yuH, Vag=—25V, RG=25N), Starting Ty =25°C 


ELECTRONICS 


IRF92Z34/Z35 P-CHANNEL 
IRF92Z30/Z32 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol Characteristic Min | Typ | Max (Units Test Conditions 
| BVpss | Drain-Source IRF9Z34/Z35| -60; — — V | Ves=OV, Ip=—250yuA 
Breakdown Voltage IRF9Z30/Z32|—-50| — — V 
} — - ee —$__}+—__}— + $f - ee 
' Vesith) | Gate Threshold Voltage =2.0) — | -4.0] V | Vps=Ves, Ip=—250pA 
| lass | Gate-Source Leakage Forward — — |-100}] nA | Ves=—-20V 
io eee re Se, eee + - = SSF — — ——— 
Iass_ | Gate-Source Leakage Reverse — — |} 100 | nA | Ves=20V 
| Ipss_| Zero Gate Voltage Drain Current _ — |; 250 | pA | Vps=Max. Rating, Ves=OV | 
= | 1000 Vps=0.8Max. Rating, TC=125°C 
) [omens Drain- IRF9Z30/234| -18| — — A | VpsX—-3.7V 
D1on)_| Source Current (2) IRF9Z32/Z35|/-15| — | — | Ves=—10V 
+ = — - $$$} ——— — = 
r Static Drain-Source IRF9Z30/Z34| — |0.10! 0.14 | Q | Ves=—-10V, Ip=—-9.3A 
PS(0n) | On-State Resistance IRF9Z32/Z35) — | — | 0.21 
+ - + -—_-— — —_—— : +— +—— + t— — ——— 
Ots Forward Transconductance (2) 3.1 | (3 — UO | Vos=2XVes, Ilp=-9.3A 
>. —_—_—— = — + ——>—————__- - —_—_}—_—_—__—_ ———_-—_—___——— -- 4 
Ciss | Input Capacitance | — i 1 “6 — Ves=O0V 
= — ——E ee = — = 
Coss | Output Capacitance | — | 444 _ DF | Vps=—25V 
> —__—____——— ———_}—__———+}— ———— 
Crss | Reverse Transfer Capacitance - 202 pF | f=1.0MHz 
+ oe _ = i a a eee ——— a 
tdion) | Turn-On Delay Time | — 12 18 ns 
oon —e eee in ann aan — Vpp=—25 V, Ip=—-18A Rg=130 | 
| tr | Rise Time : | — [110] 170 [ns | Ro=1 30, | 
- tatty | Turn-Off Delay Time — | 91 32 ns | (MOSFET switching times are essentially 
as oe a aa _ “y | ae || independent of operating temperature) 
tf Fall Time — 64 96 ns 
| a SS ———— ‘eae i 1S —— --f- = = — 
Total Gate Charge 
Q, | — | 26 39 nC 
| ° (Gate-Source Plus Gate-Drain) | | Ves=—-10V, lp=—-18A, Vps=0.8Max. Rating 
+ $$ —_—_—_—_— Ss —— —— ——— 4 r f P | 
| Gate-Source Charge — 169 10 nC (Gate charge is essentially independent of 
ae a oe ~~ + Operating temperature. ) 
| Gate-Drain (‘Miller’) Charge nC 


THERMAL RESISTANCE 


Rthuc | Junction-to-Case | MAX 6.4 | K/W 
Rthcs | Case-to-Sink | TYP | 1.0 | K/W__| Mounting surface flat 
| | Smooth, and greased 
a = = - — } | +—— } ——— —~ 
Rthua | Junction-to-Ambient MAX | 80 | K/W | Free Air Operation 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300Ous, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRF9234/2Z35 
IRF92Z30/Z32 


P-CHANNEL 


POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


NEGATIVE ip DRAIN CURRENT (AMPERES) 


NEGATIVE Ip DRAIN CURRENT (AMPERES) 


Characteristic 
| Continuous Source IRF9Z34/30| — | — | 
| Current (Body Diode) IRF9Z35/32| — = 
| oo —j—_—-—--+— 
Pulse Source Current IRF9Z34/30; — | — 
(3) IRF9Z35/32| — — 


+ + 


Diode Forward Voltage 


Reverse Recovery Time 


Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


250 


Test Conditions 


A Modified MOSFET 
| integral reverse 
A | P-N junction rectifier 


V Tc=25°C, Ils=—18A, Ves=OV 


aks) 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us PULSE TEST 
es = 


ae - + 


5 10 15 20 25 


NEGATIVE Vps DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80us PULSE TEST 


+ 


Typical Saturation Characteristics 


NEGATIVE Ip DRAIN CURRENT (AMPERES) 


NEGATIVE !p DRAIN CURRENT (AMPERES) 


~80us PULSE TEST 
V + 


DS=2xVEs 


) 2 4 6 8 
NEGATIVE Vcgs GATE = TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


- + - Te T io 
—OPERATION IN THIS AREA 
5{— LIMITED BY Rosion) } 111 


+ et es ee eee! 
| | 


Maximum Safe Operating Area 


T,=25°C, Ip=—18A, dlp/dt=100A/uS 


10 
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IRF9Z34/Z35 P-CHANNEL 
IRF92Z30/232 POWER MOSFETS 


Nie tl ee 


VA NI 


INA AAT 
ce 


iM 


See 


1. Duty Factor pate 
t 
2. Per Unit Base =Rinic = 


ZtnscewRtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10° s 10° 2 5 10° 2 5 10° 2 5 1a" 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us PULSE TEST 
Vos= 2X Ves . 


== 
| 


10-SOURCE VOLTAGE (VOLTS) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


— Hs Ie es — 


NEGATIVE Ves GATE 


ee 


6) 4 8 12 16 20 


NEGATIVE Ip, DRAIN CURRENT (AMPERES) NEGATIVE Vsp SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voitage 


3.0 


2.4 


=’ 
@ 


—- 
nh 


0.6 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.0 
-60 -40-20 0 20 40 60 80 100 120 140 150 -60 -40-20 0 20 40 60 80 100 120 140 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


2of 


ELECTRONICS 


IRF92Z34/Z35 P-CHANNEL 
IRF9Z30/Z32 POWER MOSFETS 


Ves=OV 
| | f=1MHz 
Ciss=Cgs+Cgd 


a 


Cgs Cgd © 


Cgs+Cgd 
=Cds+Cgd 


Coss=Cgs+ 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


80us PULSE TEST 
! | | 


IRF9Z30/34 


4 


+ 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


9) 12 24 36 48 60 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current . Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRFP150/151/152/153 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFP150/151/152/153 


PRODUCT SUMMARY 
PartNumber | Vos _| Rosion) | lo 


sero oe 


IRFP150 


IRFP 150 


MAXIMUM RATINGS 


Characteristic IRFP150 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Res=1.0M)(1) Yon _|_100__ 


Gate-Source = 


Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C (4) 


Operating and Storage _ ;. 
Junction to Case Tay Tatg pat Tae C 
Maximum Lead Temp. for Soldering 300 °C 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.36 mH, Vag=25V, Rg=25N, Starting Tji=25°C 


LECTRONICS 


E 


N-CHANNEL 
IRFP150/151/152/153 POWER MOSFETS 


eilinaen CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic = a oe Test Conditions 
Senet Source Breakdown Voltage 100 
IRFP 150/152 
SPRITES frou feof = 
Gate Threshold Voltage 4.0} Vv Vos=Ves, Ip=250uA 
Gate-Source Leakage Forward ae Ves=20V 
lass | Gate-Source Leakage Reverse | — | — |-100] nA | Ves=—20V 
250 | wA | Vos=Max. Rating, Ves=OV 
= |= | = | 250 | pa | 
/— | — |1000] yA | Vos=Max. RatingX0.8, Ves=OV, To=125°C 
ID(on) 


jo} -|— | a 
Vps23.2V, Ves=10V 


[34] — | — [A | 


0.045;0.055; 
Ves=10V, Ip=22A 


IRFP152/153 eC 
Forward Transconductance (2) 130/20] — | U [Vps250V,D=20A, 
Come [ot conunnes | — fewool = Lor 
Com | Output Capactance | — [1000] — | oF | Vas=0V, Vos=25v, f=1.0MH 
| Crss_| Reverse Transfer Capacitance | — |200| — | pF _ 
taon [TumOn Doty Tine || — | ee fmf 
.4 (oe Se (MOSFET switching times are essentially 
tavott) a a eS a independent of operating temperature) 
Fall Time en a Eee Oe 


Total Gate Charge 72 | 110 
ee -Source Plus Gate-Drain) Ves=10V, Ilp=38A, Vps=0.8 Max. Rating 


| Qos | Gate- Source Charge Gate-Source Charge | —| 18] —_ nc | (Gate charge is essentially independent of 


operating temperature. ) 
Gate-Drain (‘Miller’) Charge Peed gp) = ine | 


Zero Gate Voltage 
Drain Current 


On-State Drain-Source Current (2) 
IRFP150/151 


IRFP150/151 
Static Drain-Source On-State 


Resistance (2) 
Rposjion) | IRFP 150/151 


THERMAL RESISTANCE 


C—O ee 


Mounting surface flat, 
R Case-to-Sink 


Rthua | Junction-to-Ambient to-Ambient 40 KI Free Air Free Air Operation =| 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
IRFP150/151/152/153 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic ‘Min | Typ | Max [Units Test Conditions 


Continuous Source Current 
(Body Diode) _ 


Is | IRFP1 60/151 


| IRFP150/151 = 


Pulse Source Current(Body Diode)(3) 
IRFP150/151 


RFP152153 sf = | — | 182 | A | a a 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


Diode Forward Voltage (2) 
IRFP 150/151 


| IRFP152/151 Ss 2.3] V | Tc=25°C, Is=34A, Vas=OV 
| tr Reverse Recovery Time _ | 530 | ns | Tj=25°C, Ip=40A, dig/dt=100A/uS 
Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 

(3) Repetitive rating: Pulse with limited by max. junction temperature 


Tc=25°C, Is=40A, Vas=O0V 


80 P. 4 Test 
_ HS — ale 

a a 
w wy 
wi a 
ao Ww 
= a 
< = 
= = 
— 
= 2 
x Ww 
a ac 
= c 
Oo = 

Oo 
z z 

<q 
x 
= 6 
2 a) 

0) 10 20 30 40 50 60 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


PSnmsuncg - 
LECTRONICS . 


E 


IRFP150/151/152/153 


Ip, DRAIN CURRENT (AMPERES) 


Zthuc(/Rthsc,; NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


N-CHANNEL 
POWER MOSFETS 


aR 
he 
OPERATION IN THIS AREA 
IS LIMITED BY Rosion) +4 +414 


zz 
ry 
80us Pulse Test 4 
H 


Ip, DRAIN CURRENT (AMPERES) 


1.0 5 100 200 500 1000 
Woe. SahnaGsoUReE re was Vos; SrNiTeRIORCE ‘vacrane (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


ZS thst tt 


Se eal it 


> eo 


b 


—2. Per Unit Base=R,,j;¢=0. 83 Deg. C W 


{| ) iii] | | Notes 

{ — 

+ —t 

— — es 

tT + core 

——s >} + = 

SINGLE PULSE (TRANSIENT 7 Tt 
mods fait Tr “ + —- 4. ‘uty Faster, Bede 

| | 

' — 
I B| 2 TwalcoPaaZae © 

10°5 5 10°“ 2 5 10° 2 5 10> 2 5 To" 2 5 1 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duratio 


n 


_—s 
2) 


0 Pulse Test 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


/ 
pit | tt 
pit tj | | tT 


0 10 20 30 40 5 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Typical Transconductance Vs. Drain Current 


ELECTRONICS 


Typical Source—Drain Diode Forward Voltage 


2te2 


N-CHANNEL 
IRFP150/151/152/153 POWER MOSFETS 


Ww 
oO 
z 
< 
= 
” 
7p) 
Ww 
xc 
yr 
ae 
ON 
ae 
5< 
o= 
na 
62 
re 
z 
< 
c 
a 
4 
C) 
® 
fa) 
c 


| |e 
as 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
—40 120 160 


7: JUNCTION cee (°C) Ty, JUNCTION TEMPERATURE (°C) 
Rreakdown Voltaae Vs. Temperature Normalized On-Resistance Vs. Temperature 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0 112 140 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ” TOTAL GATE CHARGE (nc) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 
“ELE TT TT Ty y Veet et Md 
Pt yey tt ty ane 


32 


Ves=1 ov | 
Rosion) MEASURED WITH 


0.14 CURRENT PULSE OF 2.0us 
DURATION. INITIAL T,=25°C. 


(HEATING EFFECT OF 
2: Ops PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 
no 
> 
Fa 


HEE 
SEEEFEEEA 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


J. 
100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tee ane TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
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ELECTRONICS 


| N-CHANNEL 
IRFP150/151/152/153 POWER MOSFETS 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRFP254/255 POWER MOSFETS 


FEATURES 


Lower Rps (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


| 
| 
| 
IRFP254/255 | 


PRODUCT SUMMARY 
| Part Number Vos | Rosion) | Ip 
| IRFP254 — 250V | 0.142) 23a 
IRFP255 250V | 0.17 21A 
MAXIMUM RATINGS 
| | 
Characteristic | IRFP254 IRFP255 | Unit | 
| | 
Drain-Source Voltage (1) Voss 250 - 250 | Vdc | 
Drain-Gate Voltage (Res=1.0MQ)(1) VpoGR 250 250 | Vde 
| aa iaco pana amar ierete as T ~ = ~ — 
| Gate-Source Voltage Ves — +20 ; [ Vde 
Continuous Drain Current Tc=25°C Ip 23 | 21 | Adc | 
Continuous Drain Current Tc=100°C ID | 15 ‘= 13 i. Adc | 
Drain Current—Pulsed (3) lpm 92 84 | Adc | 
_... . ais ies, ‘ = =e = as = Sa = = SSS 
Gate Current—Pulsed Icom +1.5 | Adc 
Single Pulsed Avalanche Energy (4) ‘ Eas | 800 | omd 
Avalanche Current oe | las | ee eee oo | A 
| Total Power Dissipation @ Tc=25°C Pp 150 _ Watts 
Derate above 25°C —ess—‘(‘aHCStititS oe 1.2 ee | WI°C_ 
Operating and Storage Ty, Tstg 55 to 150 _ C 
Junction Temperature Range “ | 
Maximum Lead Temp. for Soldering + 300 | °c 
Purposes, 1/8” from case for 5 seconds | 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=3 mH, Vag=50V, Rg=252N, Starting T,=25°C 


ELECTRONICS 


N-CHANNEL 
IRFP254/255 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol|Gharacterste [in| Typ | Max [Unite] ‘Test Conatons 


Ves=O0V 
Drain-Source Breakdown Voltage 250, — | — Ip>=250uA 
4.0 


8 a oO 
-[onesave ta rowee |= |= [oot gemat 
chi [= [ese 

Drain Current /—| = |1000] pa | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) 
ID(on) ma 23 Vps23.9V, Ves=10V 


FP 256 at=t=tad 


Static Drain-Source Ce 
Rpsion) | Resistance (2) 0.098 | 0.14) 
IRFP254 Ves=10V, Ip=13A 


a CC 
Com _|Input Capactance | — (ee00) — | oF 

Com [Output Capectance | — [376] — | oF 
Ca | Reverse Transfer Capactence | — |140/ — | oF | 
ion [Tum-on Dey Time | —| 19 | 20 | ne 
[Rise tie dt — faa | 100 
ton |TunOn Delay Time _———«| — | 78 110 
) [ratme SS=*d = fs 
= (seen |= 

(Gate-Source Plus Gate-Drain) 

SDs Pe 
Qga Gate-Drain (‘Miller’) Charge |—|73| 110 | ac. 


Ves=OV, Vos=25V, f=1.0MHz 


Vpp=0.5BVpss, Ip=22A, Zo=6.2N 
(MOSFET switching times are essentially 
ns_ | independent of operating temperature) 


Ves=10V, Ilp=22A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


THERMAL RESISTANCE 


Junction-to-Case 


Rthcs Case-to-Sink TYP 0.24 K/W | Mounting surface flat, 
smooth, and greased 
= 
Rthua Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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IRFP254/255 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current 


ole Koad Boe 


IS | (Body Diode) IRFP254 
IRFP256 rot eed ee 
per ae eres Pulse Source Current(Body Diode) p= |—| 02] a 
(3) IRFP254 
IRFP256 ee eee 


Vso _| Diode Forward Voltage (2) | = | — | 1 
| tr [Reverse Recovery Time | = | 


Notes: (1) Ty= 


Symbol] Characteristic [Min] Typ] Max [Units] Test Conditions 


Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier 


aaa | 
Tc=25°C, Is=23A, Ves=OV 


Ty=25°C, IpF=22A, dif/dt=100A/us 


25°C to 150°C (2) Pulse test: Pulse ae Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


60 "a4 


wiz Ves=10V a 80yus Pulse Test 

y Ves=9V 

[Vvee=8v 
gery || 
aan SSaeeae 


50 


zz: 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


A 7 a 


Fianpevenee’ 


HeEeEe Vas=4V 


0 10 50 Fo 
Vos, naka VOLTAGE (VOLTS) 


Typical Output Characteristics 


— 


I =P 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


ae 
5}+—_ 


Pt 


OPERATION IN THIS AREANS cS NS 
IS LIMITED BY Rosion) 


10 2 5 


80yus Pulse Test 
Vps>lp(on)XRosion) Max 


J 


-~ 
ae 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


TI 
a 
ase H 


SINGLE PULSE/— 


10 


100 200 500 
Vos, niaaee ec pthorach (VOLTS) 
Maximum Safe Operating Area 


time 
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IRFP254/255 


N-CHANNEL 


POWER MOSFETS 


0. 


Zinuct)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL iMPEDANCE (PER UNIT) 


Serine 


Primm 


as 

4 SRSIIERROIESPSS = 
D=0.02 tL | 

Lt | Sot 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80ys Pulse Test 


+ Vos>loion)X sion} max 


gfs, TRANSCONDUCTANCE (SIEMENS) 


@) 10 
Ip, 


20 30 40 50 
DRAIN CURRENT (AMPERES) 


Typical Transcounductance Vs. Drain Current 


—s 
ai 
oO 


_— 
oO 
a 


¢ 


-SOURCE BREAKDOWN VOLTAGE 


(NORMALIZED) 


° 
© 
£o,) 


0.85 


BVoss, DRAIN-TO 


40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


py aeeaeeee 


Fi 


1. Duty Factor, D= 
2 

2 Per Unit Base=Ryjc=6.4 Deg. C W 

3. Tyw-To=Pom Zinsc (t) 


2 3 a 5 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 
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| N-CHANNEL 
IRFP254/255 POWER MOSFETS 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOi.TAGE (VOLTS) 


) 10 20 30 40 50 6) 25 50 75 100 125 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


0.25 


| | 

; | | 
|} ft 
ITH CURRENT | | | 

_| PULSE OF 2.0us DURATION. | __ [a oo 

INITIAL T=25°C CHEATING EFFECT | 


OF 2.0us PULSE iS MINIMAL | | 
sree saline: \nncaia: eee tein iniceiet mame teas 


| | | | 
| Ves=10V 
~ tp + 


© 
ey 
(oe) 


o 
oO 


jo) 
Oo 


Ip, DRAIN CURRENT (AMPERES) 


005 


Ros jen DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


9) 25 50 75 100 125 150 
ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 

160 

i140 
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Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
POWER MOSFETS 


IRFRO10/12/14/15 
IRFU010/12/14/15 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFRO10/012 
IRFRO14/015 


PRODUCT SUMMARY 

"Pant Number | Vos | Reston) [to | 
IRFRO10/U010 
IRFRO1 2/U01 2 

~IRFRO14/U014 

IRFRO15/U015 


IRFU010/012 
IRFU014/015 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol IRFRO10 IRFRO12 IRFRO14 IRFRO15 Unit 
IRFU010 IRFU012 IRFU014 IRFU015 
Drain-Source Voltage (1) Voss | 6 : _ Vde 
Drain-Gate Voltage (Rgs=1.0MQ)(1) | 60 | : Vde_ | 
Gate-Source Voltage +20 Vdc 
i! - oe ee 
Continuous Drain Current Tc=25°C 6.2 6.7 8.2 6.7 Adc ; 
Continuous Drain Current Tc=100°C | 5.20 4.2 Bee 4.2 Adc 
Drain Current—Pulsed (3) 33 ar ia 33 2T Adc 
- ~ =a i 4 
Gate Current—Pulsed +1.5 _| Adc ~ 
Single Pulsed Avalanche Energy (4) 1.4 il mJ 
Avalanche Current 7 8.2 ; A 
Total Power Dissipation at Tc=25°C 25 Watts 
Derate above 25°C ; 0.20 _ | Wee | 
Operating and Storage _ | ° 
Junction Temperature Range Ty, Tstg om i 150 - | o 
Maximum Lead Temp. for Soldering 1 300 °C 
Purposes, 1/8” from case for 5 seconds he 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=50uH, Vag=25V, Rg=250), Starting Ty=25°C 
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ELECTRONICS 


IRFRO10/12/14/15 N-CHANNEL 
IRFU01 0/1 2/14/15 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic /‘Min| Typ | Max |Units| Test Conditions 


| Drain-Source Breakdown Voltage 
BVoss | IRFRO14/015, IRFU014/015 
IRFRO10/012, IRFU0O10/012 


Vesith) | Gate Threshold Voltage 


Ves=OV, Ip=250puA 


Vos=Ves, Ilpb=250uA 

Ves=20V 

Ves=-—20V 

Vps=Max. Rating, Ves=0V 

Vps=0.8 Max Rating, Ves=OV, T)=125°C 


lass | Gate-Source Leakage Forward 


Iass_ | Gate-Source Leakage Reverse 


Ipss_| Zero Gate Voltage Drain Current 


ID(on) | On-State Drain-Source Current (2) Vps22.4V, Ves=10V 
IRFRO10/014, IRFUO10/014 


| IRFRO12/015, IRFU012/015 


Rpsion) | Static Drain-Source 


IRFRO10/014, IRFUO10/014 Vas=10V, Ip=4.2A 


L IRFRO12/015, IRFU0O12/015 7 | 
a Gts Forward Transconductance (2) Vps250V, Ilp=3.6A 
Ciss Input Capacitance Ves=OV 
Coss | Output Capacitance Vps=25V 
Crss Reverse Transfer Capacitance f=1 -OMHz 
taion) | Turn-On Delay Time Vop=0.5 BVpss, lo=7.3A, 2o=240 
tr Rise Time 


(MOSFET switching times are essentially 
independent of operating temperature) 


tajott) | Turn-Off Delay Time 
tt Fall Time 35 ns 


Q Total Gate Charge 10 nC 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=7.3A, Vps=0.8Max. Rating 

Qas Gate-Source Charge 26 AC (Gate charge is essentially independent of 
: operating temperature. ) 

Qga | Gate-Drain (‘Miller’) Charge 4.8 | nC 

THERMAL RESISTANCE 
Rthuc Junction-to-Case MAX 5.0 K/W 
Rthcs Case-to-Sink TYP Te¥ K/W | Mounting surface flat 
smooth, and greased 
Rtha Junction-to-Ambient MAX 110 K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFRO10/12/14/15 N-CHANNEL 


IRFU010/12/14/15 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Test Conditions 


Modified MOSFET 
integral reverse 


Characteristic 


Continuous Source Current 
(Body Diode) 


IRFRO10/014, IRFU010/014 | — — | 82 | A | P-N junction 
oe IRFUO1 2/015 6.7 | A | rectifier 
cael - oo D 
| Pulse Source Current (3) 
"IRFRO10/014, IRFUO10/014 G J 


IRFRO1 2/01 5, IRFUO1 2/015 


Diode Forward Voltage Tc= 25° C, Is= 8.2A, Ves= “OV 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


T)=25°C, Ir=7.3A, dip/dt=100A/uS 


t | 

80us Pulse Test | 

: | 
Vpslpion) X Rosionimax —4-~ 
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= a. | 
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a ive) 
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2 oO 
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Q c 
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Q « 
~ 2 
) | | ' 
1.5 3.0 45 60 75 90 105 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
HLL OPERATION IN THIS AREA + 1- 
eis LIMITED BY Ro : 
+ + 4 —+- 4 ——+—_—_--+ « se i 
2a - ? dell i —- coe we me 
7 me? ‘camiet ie five +H 
son 2) A | | a: - | 
7) wi T HIN +S - 
: : 6 
< = 
a 
3 i 
Ww c 
[sa ec 
= =| 
: z 
ad — 
= =< 
< cc 
ra ge 
x (=) 
zc) - 
126°C HT 
T=iso°c Lit 
Single Pulse | | | 
0.0 0.5 1.0 1.5 2.0 25 10 10 50 100 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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IRFRO10/12/14/15 N-CHANNEL 
IRFU010/12/14/15 POWER MOSFETS 
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INGLE PULSE TRANSIENT 


1. Duty Factor Oa 
HERMAL SEAL 


+— 2. Per Unit Base= er .67 Deg. C/W + 
3. Tyw-To=Pom Zinc (t) 


centr | | 
1075 5 10~ 2 10°3 107? 2 10° 


ti. SQUARE — = DURATION meconne 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


ZenscatyRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


102 


+ ewe 


Grs, TRANSCONDUCTANCE (SIEMENS) 
o 
a 
| 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


yi | | | tt 
/ eee 
AEEEEEEEEE 


pon Se 


O 0 0.5 1.0 1.5 2.0 25 3.0 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


s A 

SERRE ae 

|| ple | | | 
RRERE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFRO10/12/14/15 
IRFU010/12/14/15 


N-CHANNEL 


POWER MOSFETS 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


1000 
Ves=O0V f=1MHz 
Ciss=Cgs+Cgd, Cds Shorted 
Cgs Cgd 
Cgs+Cgd 


800 Coss= Cds + 


= Cds+Cgd 
Ciss= Co ———— 


600 T y 7 
+ 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


. 2 4 6 8 10 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRFRO20/22/24/25 N-CHANNEL 
IRFU020/22/24/25 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFRO20/012 
IRFRO24/025 


PRODUCT SUMMARY 


IRFRO20/U020 
IRFRO22/U022 


IRFRO24/U024 
IRFRO25/U025 


IRFU020/012 
IRFU024/025 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol IRFRO20 
IRFU020 
5 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MQ)(1) 


I Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc=25°C ID 15 14 15 14 Adc 

| Continuous Drain Current Tc=100°C Ip 9.6 8.7 9.6— 8.7 Adc 
Drain Current—Pulsed (3) IDM 60 56 60 56 Adc | 
Gate Current—Pulsed _ lam E16 Adc 
Single Pulsed Avalance Energy (4) ; Eas 9.5 mJ | 
Avalanche Current | las 8 A 
Total Power Dissipation at Tc=25°C Pp 42 Watts 
Derate above 25°C ; - 0.33 _ W/°C 

te eee eee Tu, Tstg +86 to 180 °c 
Maximum Lead Temp. for Soldering Tr 300 °C 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% . 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=100yuH, Vag=25V, RG=25Q, Starting Ty=25°C 


ELECTRONICS 


IRFRO20/22/24/25 N-CHANNEL 


IRFU020/22/24/25 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Gharacterieie [Min] Typ | Max [Unis] ‘Test Conditions 


Drain-Source Breakdown Voltage 
BVpss | IRFRO24/025, IRFU024/025 
IRFRO20/022, IRFU020/022 


Vesith) | Gate Threshold Voltage 


lass | Gate-Source Leakage Forward 


less | Gate-Source Leakage Reverse | — | — [-100] na | Ves=—20V 


Ipss Zero Gate Voltage Drain Current 250 | wA | Vos=Max. Rating, Ves=OV 
1000 Vps=0.8 Max Riting, Vas=OV, Tj=125°C 

Iban On-State Drain-Source Current (2) 

IRFRO20/024, IRFU020/024 15 A 

IRFRO22/025, IRFU022/025 14 
Rpsion) | Static Drain-Source 

IRFRO20/024, IRFU020/024 0.08} 0.10} Q | Ves=10V, Ilp=8.7A 

IRFRO22/025, IRFU022/025 — |/0.12} Q 


Os Forward Transconductance (2) ae|—|— | 9 | Vos250V, Ilp=8.7A 
‘Gin Input Capacitance }— [63s] — pF | Ves=O0V 
Coss | Output Capacitance |— lar] — | pF | Vps=25V 
Crss_ | Reverse Transfer Capacitance em | 108) | pF | f=1.0MHz 
tdion) | Turn-On Delay Time . [—|ne| = | ne | Vop=0.5 BVpss, p= 15A, Zo=180 

tr [a eT (MOSFET switching times are essentially 
tavoft) 20.4 | — | ns | independent of operating temperature) 


i 
ae] 
Total Gate Ch 
otal Gate Charge a = | nc Ves=10V, Ip=15A, Vps=0.8Max. Rating 
= [8.75] — 
[= [17.8] — | 


Vps21.8V, Vas=10V 


(Gate-Source Plus Gate-Drain) 
(Gate charge is essentially independent of 


operating temperature.) 


—_ 
— 
oe) 


THERMAL RESISTANCE 


Junction-to-Case KW | 


Case-to-Sink 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFRO20/22/24/25 P-CHANNEL 
IRFU020/22/24/25 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


‘Symbol Characteristic 'Min Typ Max 


Units Test Conditions 


| Modified MOSFET 

—- — ; 15 A 
| | | | integral reverse 

ws peer aeeen “ae P| a | | PN junction rectifier 

ISM Pulse Source Current (3) =), = 60 A ; 

. en nny eee ees aerees —_ a otttomta 4 t.- i — ap 

ade = = : <4 ! 


14) V | Tc=25°C, Is=15A, Ves=OV | 
| tr | Reverse Recovery Time | | — | 310 | ns | T,=25°C, IF=15A, dle/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


om 


Vsp | Diode Forward Voltage <_< 


a me 
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cc iw 
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< = 
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— 
- 
ai z 
ss Ww 
fag cx 
: s 
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6 8 
. 2 4 6 8 10 12 14 
Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 
4 1 } t + 
IRFROZO } ii 4444 cebdel! 
=S=SSSR=> ; 
IRFRO22, i},.4, i + 
= a oe ee ae 
uy c iIRFRO2 
jog 
a 
a S 
= = 
< te 
oad < ‘ 
rd Es y OPERATION IN THIS AREA . 
cc > IS LIMITED BY Ros 
= oO PE pire seseeelay ae 
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a 
x a 
6 
é £ 
Ty=150°C |" 1] 
Single Pulse) | | 
uh 
01 05 10 5 10 50 «100 
Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFRO20/22/24/25 N-CHANNEL 
IRFU020/22/24/25 POWER MOSFETS 


~ 1 Duty Factor p=) 
t 
—2 Per Unit Base=Ryjo = 167 Deg CW + 
-— 3 Ty Te =Pom Zinac (t) 


; | | td dy] 


ZtnucitWRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


et 
jo) 

is 
ea) 


non 2 5 10 3 2 5 107 2 5 10° 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


1000 


100 


on 


lor. REVERSE DRAIN CURRENT (AMPERES) 
[Oni 


Gers, TRANSCONDUCTANCE (SIEMENS) 


80us Pulse Test _ 


Vp >If xR 
| | j 1 O 
ats 50 30 i; 50 9) 20 3.0 40 50 6.0 
Ip. DRAIN CURRENT (AMPERES) Vsp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


(NORMALIZED) 


DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


Rosion). DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVoss. 


“#5 -50 -25 0 25 SO 75 100 125 150 175 -75 -50 -25 0 25 50 75 100 125 150 175 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFRO20/22/24/25 N-CHANNEL 
IRFU020/22/24/25 POWER MOSFETS 


Ves=O0V f=1MHz 
Ciss=Cgs+Cgd, Cds Shorted 
Cross=Cgd | | 

Cgs Cad 
Cgs+Cgd 
=Cds + Cgd 
‘ ' + 


te 


= Coss=Cds + 


+ 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


® 5 10 15 20 25 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


a 
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cx 
0 TO 20 30 50 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFR110/111 N-CHANNEL 
IRFU110/111 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR110/111 


PRODUCT SUMMARY 


PartNumber | Vos _| Rosion) | _lo_| 
IRFR110/U110 100v | 0.540! 4.7A 
IRFR111/U111 gov | 0.540 | 4.7A 


IRFU110/111 


MAXIMUM RATINGS 


Characteristic | Symbol | IRFRIOUIIO | IRFR11/U111 | Unit 
Drain-Source Voltage (1) Moss | 100 | 8 
Drain-Gate Voltage (Ros=1.0MM)(1) -Noor_| __s00__ [| __ eo 

_Gate-Source Voltage | Vs 

Continuous Drain Current To=25°C | to 

Continuous Drain Current To=100°C | to 

Bra Gurent—Peed (9) __{_tou_| 


Total Power Dissipation @ Tc=25°C Pp 
Derate above 25°C 


Operating and Storage _ 
Junction Temperature Range J, Tstg pe to 130 
Maximum Lead Temp. for Soldering 300 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


(4) L=0.91mMH, Vag=25V, Re=25N, Starting T=25°C 
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ELECTRONICS 


IRFR110/111 N-CHANNEL 
IRFU110/111 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbo ee ee __ eer 
Drain-Source Breakdown Voltage 
BVoss IRFR110/U110 
IRFR111/U111 
Vesith) | Gate Threshold Voltage V_ | Vos=Ves, Ip>=250uA 
lass | Gate-Source Leakage Forward nA | Ves=20V | 
L lass_ | Gate-Source Leakage Reverse nA | Ves=—20V 
logg | ZOO Gate Voltage HA | Vos=Max. Rating, Vas=OV 
Drain Current | HA | Vos=Max. Ratingx0.8, Ves=OV, To=125°C 
ID(on) +| On-State Drain-Source Current (2) — = | # | Vps>lpon) X Rpsionymax. Vas=10V 
eed a cbiciees 0.37 0.64 | Q | Ves=10V, Ip=3.3A 
ts Forward Transconductance (2) 1.8 = | O | Vps250V, Ilp=3.3A | 
Ciss Input Capacitance 180 pF 
Output Capacitance PF | Ves=OV, Vps=25V, f=1.0MHz 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Vpp=0.5BVpss, Ip=5.6A, Zo=4.70 
(MOSFET switching times are essentially 
ons independent of operating temperature) 


Rise Time 


oak oO) nis 


Qg 


Nh 
— 


Fall Time 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 


Ns 
™N 


ON) : 

NM | ® 

s io > (hd|5 
| O ” 


Ves=10V, Ip=10A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Gate-Source Charge 


NPA] A }salaiwn Ii ni n{o 


| Gia. | Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


Junction-to-Case =. 


K/W | Mounting surface flat, smooth, and greased 
Junction-to-Ambient Free Air Operation 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFR110/111 N-CHANNEL 
IRFU110/111 POWER MOSFETS 


sal a DIODE RATINGS AND CHARACTERISTICS 


a 


ae —[— Far] «| ates wosrer 
: showing the integral 


Pulse Source Current(Body Diode)(3) fafa a reverse P-N junction rectifier 
Diode Forward Voltage (2) eee Tc=25°C, Is=4.7A, Ves=OV 


Reverse Recovery Time 200 | ns T;=150°C, IF=5.6A, dif/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
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Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFR110/111 N-CHANNEL 
IRFU110/111 POWER MOSFETS 


Zthyc(O/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
gfs, TRANSCONDUCTANCE (SIEMENS) THERMAL IMPEDANCE (PER UNIT) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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ti. SQUARE WAVE PULSE DURATION seeinicee 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


4.0 io 
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Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
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ELECTRONICS 


IRFR110/111 
IRFU110/111 


N-CHANNEL 


POWER MOSFETS 


Ros on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


500 


32 


24 


Ciss=Cgs+Cgd, Cds SHORTED 


ee) eee aes ee 
10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


25 
Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 
20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


” te TOTAL GATE oxanae nee 
Typical Gate Charge Vs. Gate-To-Source Voltage 


100 


125 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


150 
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IRFR120/121 N-CHANNEL 
IRFU120/121 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR120/121 


PRODUCT SUMMARY 


(Part Number | Vos | Rosen | to 


IRFU1 20/121 


MAXIMUM RATINGS 


Characteristic Symbol | IRFR120/U120 | IRFRI21/U121_— | Unit __ 
_Drain-Source Voltage (1) Voss | 100 || 80 Ve 
Drain-Gate Voltage (Res=1.0MQ)(1) a ee Vdc 
Gate-Source Voltage tose} 1008. Nee 
Continuous Drain Current Tc=25°C ip LBA de 
Continuous Drain Current Tc=100°C ob | BD Adc 
Drain Current—Pulsed (3) es 7 
Gate Current—-Pulsed | io =P 


Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation @ Tc=25°C Pp Watts 

Derate above 25°C 0.33 W/°C 

Operating and Storage _ ‘ 
Junction Temperature Range Ty, Tstg ao 1 Te C 

Maximum Lead Temp. for Soldering - 300 °C 
Purposes, 1/8” from case for 5 seconds ss 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive ,rating: Pulse with limited by max. junction temperature 
(4) L=0.64mH, Vag=25V, Re=25N, Starting T=25°C 
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ELECTRONICS 


IRFR 
IRFU 


120/121 
120/121 


N-CHANNEL 
POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic 


Drain-Source Breakdown Voltage 


Test Conditions 


100; — Ves=O0V 
IRFR120/U120 = 
BVpss + Bani 
IRFR121/U121 80 | — — Ip=250pA 
A= — 
Vesith) | Gate Threshold Voltage 2.0| — 4.0 | Vos=Ves, Ilp=250yA 
less Gate-Source Leakage Forward —|—- 100 | nA Ves=20V 
Iass_ | Gate-Source Leakage Reverse —|- = nA | Ves=—20V 
Drain Current — | — | 1000} A | Vos=Max. Ratingx0.8, Ves=OV, To=125°C 
zi aT 
Ip(on) | On-State Drain-Source Current (2) | 8.4) — _ A Vps>lpion) X Ros(on)max. Vas=10V 
Static Drain-Source On-State 
— O1 = =5. 
Rpsjion) Resistance (2) 0.214; 0.27) Q | Ves=10V, Ip=5.7A 
Ots Forward Transconductance (2) 2.8 | aus = U_ | Vps250V, Ip=5.9A 
Input Capacitance — |416;) — pF 
Output Capacitance — |111 [= pF | Ves=OV, Vops=25V, f=1.0OMHz 
| Reverse Transfer Capacitance — | 43 — pF 
taion) | Turn-On Delay Time — |88| 13 ns 
i — + Vpp=0.5BVpss, Ip=9.2A, Zo=180 
tr Rise Time — [| 30 a 45 | nS | (MOSFET switching times are essentially 
taott) | Turn-Off Delay Time = | 19 29 ns_ | independent of operating temperature) 
ty Fall Time — | 20 30 ns 
Q Total Gate Charge _lg71 45 
" (Gate-Source Plus Gate-Drain) _ Ves=10V, Ip=9.2A, Vps=0.8 Max. Rating 
Qys | Gate-Source Charge _|o90 (Gate charge is essentially independent of 
operating temperature. ) 
Qga | Gate-Drain (‘Miller’) Charge — | 2.3 


THERMAL RESISTANCE 


[ Junction-to-Case 


Rthcs 


Rthua 


Notes: (1 


| Case-to-Sink 


TYP 


3.0 


1.7 


Junction-to-Ambient 
) Ty=25°C to 150°C 


MAX 


110 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


K/W | Mounting surface flat, smooth, and greased 


Free Air Operation 
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IRFR120/121 N-CHANNEL 
IRFU120/121 POWER MOSFETS 


ita DIODE RATINGS AND CHARACTERISTICS 


Characteristic ee fete we eee 
Smet __t Source Current ed 
(Body Diode) 

ism | Pulse Pulse Source Current(Body Diode)(3)| Pulse Source Current(Body Diode)(3)| Diode)(3)| — | — | 


mae Forward Voltage SERIEAES Tc=25°C, Is=8.4A, Vas=OV 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<x2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Test Conditions 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier 


80us Pulse Test 
Vos? loyon) X Rosion) max 
a =~ 
2 vi 
wi c 
oa Ww 
Ss a 
= = 
ol = 
-_ 
z 3 
va Ww 
iv ac 
= S 
Oo re) 
= z 
< 
x 
a ra 
= x) 
O | 10 20 30 40 50 60 10 12 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
10 10? 
80ys Pulse Test OPERATION IN THIS AREA 
5 IS LIMITED BY Rosjon) tt 
8 -_~ 
a _ 62 
w ec 
a a 
wu s 10 
= < = 
< 6 
a 5 s-_a_ 
5 > a7 
Fs e 
: Setter 3: 
= 4 z 
an 4 : 
= Pi B 
a fa) 
2 f = 
a a ; 
2 
/SneeEnee th 
oL_LL 
ae oan es ane iene oar eee 10 2 20 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE pais Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFR120/1 21 
IRFU120/121 


Zthuc(/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


BVopss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


|/ AREER 
!/ Sn 


oo TT 
yt 


——" wm 


1... katt 
_ 


=— 


N-CHANNEL 
POWER MOSFETS 


= 
—_ 


; a Nh Ta 


TRANSIENT 


10°' 


2 


3) 


Duty Factor. D=— 


2 
Per Unit Base=R),,-=6 4 Deg CW | 
Tym—To=Pom Zinc (t) il 


10°! 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. 


rT 
F//A4Gnnn 


Vos>loyon) X Rosion) max 


80us Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 


ELECTRONICS 


IpR, REVERSE DRAIN CURRENT (AMPERES) 


Typical Transconductance Vs. Drain Current 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


—40 ) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


IRFR120/121 N-CHANNEL 
IRFU120/1 21 POWER MOSFETS 


25 


20 


C, CAPACITANCE (pF) 


a ! 
o> aan 
Yi tt} tt tt 

A| | i | | feed 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


fe) 4 8 12 16 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


an 
Ss 
2G 
°o 
Ww 
g a 
<q Wu 
ir rt 
2 : 
a < 
z aad 
¥ a 
O ra 
> 
5 3 
® z 
3} z 
: 5 
F F 
ra 
" Rosion) MEASURED WITH CURRENT PULSE OF 
A 2.0us DURATION. INITIAL Tj=25°C. (HEATING 
g EFFECT OF 2.Ous PULSE IS MINIMAL) 
ec 
0 10 20 30 40 50 25 50 75 100 125 150 
at Oe CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


0) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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IRFR210/212 
IRFU210/212 


N-CHANNEL 
POWER MOSFETS 


FEATURES 


PRODUCT SUMMARY 
Part Number | Vos_| Rosin) | lo 


Lower Ros (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


IRFR210/U210 200V 1.50 2.7A 
2.409 2.1A 


IRFR122/U212 200V 


MAXIMUM RATINGS 


IRFR210/212 


IRFU210/212 


Symbol .| __ IRFR210/U210 IRFR212/U212 Unit 
Drain-Source Voltage (1) Voss 200 L 200 Vdc 
Drain-Gate Voltage (Res=1.0M0Q)(1) VpGR 200 | 200 | Vde | 
Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc=25°C lp z.7 2.1 Adc 
Continuous Drain Current Tc=100°C | Ip 1 
Drain Current—Pulsed (3) | IDM 11 
Gate Current—Pulsed | Iom + agg Be Adc | 
Single Pulsed Avalanche Energy (4) Eas 31 mJ 
Avalanche Current | las 2.7 A 
Total Power Dissipation @ Tc=25°C Pp 20 Watts 
Derate above 25°C 0.20 W/°C 
fo eee Ty, Tstg 785 to 150 i 
Maximum Lead Temp. for Soldering TL 300 °C 

Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.64mH, Vag=50V, Rg=25N, Starting T}=25°C 
300 


dame 


ELECTRONICS 


IRFR210/212 N-CHANNEL 
IRFU210/212 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbell Characteristic [in] Typ | wax [Unite Test Condon 


BVpss | Drain-Source Breakdown Voltage |200| — Vas=OV 
Ilp>=250pA 


Vesith) | Gate Threshold Voltage Vos=Ves, Ip=250uA 

less Gate-Source Leakage Forward /— | — | 100 | na | Ves=20V 

lass_ | Gate-Source Leakage Reverse | — | — |=-100] na | Ves=-—20V 

losg | ZeVO Gate Voltage = | = | 250 | ua | Vos=Max. Rating, Ves=OV 

| Drain Current a= 1000 Vos=Max. RatingX0.8, Vas=OV, Tc=125°C 


On-State Drain-Source Current (2) 27 A 
IRFR210/U210 , 
— Vps>lp(on) X Ros(on)max. Vas= 10V 


Pe") RFR212/U212 faaf—|—]a 


Static Drain-Source On-State 
Rpsion) | Resistance (2) 0.91 Ves=10V, Ip=1.3A 
IRFR210/U210 
IRFR212/U212 — | 1.5 
0.83} 1.3 


Ofs Forward Transconductance (2) Vps=50V, Ip=1.3A 

Ciss Input Capacitance 

Coss | Output Capacitance Ves=OV, Vps=25V, f=1.0MHz 
Crss Reverse Transfer Capacitance 


taion) | Turn-On Delay Time — 


Vop=0.5BVpss, Ip=3.2A, Zo=240 
(MOSFET switching times are essentially 
independent of operating temperature) 


tr Rise Time 


tajoft) | Turn-Off Delay Time 


rs 
r20 | 20 | ne 


Q Total Gate Charge 14 17 
9 | (Gate-Source Plus Gate-Drain) 


Ves=10V, Ip=3.2A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


nC 
Qgs | Gate-Source Charge 
| oa | Gate-Drain (‘Miller’) Charge 4.1 | 6.1 


THERMAL RESISTANCE 


Junction-to-Case : 


Case-to-Sink K/W | Mounting surface flat, smooth, and greased 
Junction-to-Ambient MAX Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFR210/212 
IRFU210/212 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Characteristic 


Continuous Source Current 
(Body Diode) 


Test Conditions 


Modified MOSFET 


showing the integral 


Pulse Source Current(Body Diode)(3)| — =— 11 A L reverse P-N junction rectifier 
Diode Forward Voltage (2)} — | — | 2.0 V Tc=25°C, Is=2.7A, Vas=OV 
Reverse Recovery Time} — |170/} 400 | ns _ | Tj=150°C, IF=3.2A, dif/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


6.0 


80us Pulse Test 
5.0 


4.0 


o —0 0 0 
a DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


— 


a. SRR 
pee = 


| [vse | 
7 AR RRR 
fT 


0 


4.0 


2.0 3.0 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


5.0 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


5.0 


_ {| | | | ff 


3.0 


0 1.5 3.0 4.5 6.0 7.5 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


/ Tj= 125°C 
° 
80us Pulse Test ie ae 
Vps>lp(on)XRosiony Max if 7 


T + 
RATION IN THIS 
2 TED BY Rosjon 


4 
a i 


oy 
r 


SS a , ee ee 


ABEEEr 
ee ws 
 ABBaP sa 


[SINGLE PULSE | 


2 + 
0.1 ill 
1.0 2 5 10 20 100 200 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


‘eine? 


ELECTRONICS 


302 


IRFR210/212 N-CHANNEL 
IRFU210/212 POWER MOSFETS 


Zthuc(/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
gfs, TRANSCONDUCTANCE (SIEMENS) THERMAL IMPEDANCE (PER UNIT) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


1. Duty Factor, D=— 
2 

2. Per Unit Base=Rnjc=6.4 Deg. C W 

| : 3. Tyw-To=Pom Zinic (t). 


“10° 5 10 2 10° 10°? 2 10 
ti. SQUARE WAVE PULSE DURATION =e. 


Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


a 
PACE 
ELLT TTT TT | 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


2.5 


2.0 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


aT} tt Tt 
Pt tt yt | Tt 
pitti tT Tt | 


“= 40 0 40 80 120 160 —40 120 160 
Ty, JUNCTION TEMPERATURE (°C) oy pees fuubenucnin (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFR2 


0/212 


IRFU210/212 


Ros (on, DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


Cgs Cgd 


Cgs+Cgd 
=Cds+Cgd 


Coss=Cds+ 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Rosion) MEASURED WITH CURRENT 
PULSE OF 2.0us DURATION 
INTIAL T;=25°C (HEATING EFE 
OF 2.0us PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


32 


24 


10.0) 


IN 


0) 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


N-CHANNEL 


POWER MOSFETS 


25 


ttt tt bp 
| LL eset 

ERR Ae 
{| Lem! | | | 
EAR 
A | | tt feet | 
MELT iT i tt tt | 


Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


Coe 
SS 
CPS 
CEES 
COTES 
ren 


3.0 


1.8 


100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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IRFR220/222 N-CHANNEL 
IRFU220/222 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR220/222 


PRODUCT SUMMARY 


Part Number | Vos_| Rosin) | to 


IRFR222/U222 200V 3.8A 


IRFU220/222 


MAXIMUM RATINGS 
Characteristic Symbol IRFR220/U220 | —IRFR222/U222. 


Q 
Q 


Drain-Source Voltage (1) Voss 200 
Drain-Gate Voltage (Ras=1.0MQ)(1) VpcR 200 


Vdc 
Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc=25°C Ip 4.6 3.8 Adc 
Continuous Drain Current Tc=100°C Ip 2.9 2.4 
Drain Current—Pulsed (3) lom 18 15 
| Gate Current—Pulsed Iam £1.65 Adc 
Single Pulsed Avalanche Energy (4) Eas 50 mJ 
Avalanche Current las 4.6 
Total Power Dissipation @ Tc=25°C Pp 42 Watts 
Derate above 25°C a ee 0.33 W/°C 


oe 
Operating and Storage 


Junction Temperature Range Ty, Tstg —55 to 150 


Maximum Lead Temp. for Soldering - 300 
Purposes, 1/8” from case for 5 seconds L 
Notes: (1) Ty=25°C to 150°C 
‘2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=4.5mH, Vag=50V, Re=252, Starting T}=25°C 


peseeeus 
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IRFR220/222 N-CHANNEL 
IRFU220/222 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol Characteristic ‘Min | Typ | Max |Units| Test Conditions 


Ves=O0V 
Ip=250yuA 


— 1401 v | Vos=Ves, lb=250uA 

— | 100 | nA | Ves=20V 

— |-—100/} nA | Ves=—20V 

Zero Gate Voltage — | = [| 250 | HA | Vos=Max. Rating, Ves=OV 

Drain Current hae | oe [1000 | uA | Vos=Max. RatingX0.8, Vas=OV, To=125°C 


On-State Drain-Source Current (2) 46| — _ A 
IRFR220/U220 , 
3.8 


1 Vps>lpion) XRpsjon)max. Ves=10V 
IRFR222/U222 — — A 
Static Drain-Source On-State 


Rpsion) | Resistance (2) —|— |} 08 Q | Vas=10V, Ip=2.4A 
IRFR220/U220 


IRFR222/U222 1.2 
Forward Transconductance (2) 17| 2.6 — U_ | Vps250V, Ilp=2.4A 


BVpss | Drain-Source Breakdown Voltage 


Vesith) | Gate Threshold Voltage 


lass | Gate-Source Leakage Forward 


Iass_ | Gate-Source Leakage Reverse 


Ipss 


ID(on) 


Ciss Input Capacitance — |400; — Le 
Coss | Output Capacitance — | 82 — pF | Ves=OV, Vps=25V, f=1.0MHz 


4 
| 
*| 

| 


Crss_ | Reverse Transfer Capacitance — | 32 — pF 


taion) | Turn-On Delay Time — |88| 13 ns 
t >] —1—— Vpp=0.5BVpss, Ip=5.1A, Zo=180 
tr Rise Time | — | 27 | 41 | NS | (MOSFET switching times are essentially 
tao) | Turn-Off Delay Time — | 27 32 ns_ | independent of operating temperature) 


tt 


Fall Time 14 21 ns 
Total Gate Charge 12 18 aC 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=5.1A, Vps=0.8 Max. Rating 


Gate-Source Charge 23/34 (Gate charge is essentially independent of 
operating temperature.) 
4.5 8 


Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


M 
TY 


wm 
Case-to-Sink P K/W | Mounting surface flat, smooth, and greased 


110 Free Air Operation 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


K/W 


Junction-to-Case 
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IRFR220/222 N-CHANNEL 
IRFU220/222 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


seeds 
18 
1.8 V 
170} 400 | ns 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Continuous Source Current 
(Body Diode) 


Pulse Source Current(Body Diode)(3) 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier | 


Tc=25°C, Is=4.6A, Ves=OV 
T;=150°C, IF=5.1A, dif/dt=100A/uS 


Diode Forward Voltage (2) 


Reverse Recovery Time 


ig 5 
cs=10V Bye Pulse Test 
Shea 80us Pulse Test 
| Vv se xR = 
Ves=7V oS Dion) DS(on) max 
POC 
a — 
Ww Y) 
oc F | Ves=6.5V 4 
Ww 
a 8Hy Ww 
al a : 
$ = 
| : 
Ww (7) 2S = = 
= || & 
2 5 
z | 2 
<4 z 
« = 
[ —— et a 
a) A) 
2 
a 
2 ee ee = 
) 20 40 60 80 100 120 0 3 4 6 8 10 12 14 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


10? 
— a. 
— OPERATION IN THIS AREA Pr 
PT CT CT TIS LIMITED BY Rosjon [TT] Ss TT TT TTT 
mes EBEDeR 


Ip, DRAIN CURRENT (AMPERES) 


| £4 
2) SG0nenen 


-eFLLELLeL LL 
See ee | |Vos=4.5V | 


a 5 SHH EIS 
Ves=4V 
SSS . Ne i 
fe) 2 = = 8 10 1.0 10 20 50 100 200 6500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, a. TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


Ip, DRAIN CURRENT (AMPERES) 
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ELECTRONICS 


IRFR220/222 N-CHANNEL 
IRFU220/222 POWER MOSFETS 


Ona - 
See se Siiiimeaii 
a ae ela, an on mon 4 


i 
0.05 4 — SINGLE PULSE (TRANSIENT HEE Eee 


+H 

tae 

scan mi tt 1. Duty Factor. on 
Hit +t HH | = Sein 

10° 5 10™ 2 L 107" 10°? 2 5 107 5 1 2 5 10 

ti. SQUARE WAVE PULSE DURATION (SECONDS) 


Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Zthsc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
) 
ine) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


~40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFR220/222 N-CHANNEL 
IRFU220/222 POWER MOSFETS 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


lp, DRAIN CURRENT (AMPERES) 


Rosion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


25 50 75 100 125 150 
lo, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Dral 
. Maximum Drain Current Vs. Case Temperature 
a 
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ra) 
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fe) 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


ELECTRONICS 


N-CHANNEL 
POWER MOSFET 


IRFR310/312 
IRFU310/312 


FEATURES 


Lower Rps(on) 

Improved inductive ruggedness 

Fast switching time 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


IRFR310/312 


PRODUCT SUMMARY 
Part Number Vos Rpsvon) ID(on) 
IRFR310/U310 400V 3.60 1.5A 
Tr Tr 
IRFR312/U312 400V 5.00: 1.0A 


ABSOLUTE MAXIMUM RATINGS 


IRFU310/312 


Notes: (1) Tj = 25°C to 150°C 
(2 
(3 
( 


fdas 


ELECTRONICS 


) Pulse test: Pulse width <300us, Duty Cycle<2% 
) Repetitive rating: Pulse width limited by max, junction temperature 
4) L=53 mH, Vpp = 50V, Re = 252, Starting Tj = 25°C 


Drain-Source Voltage (1) _ 
Drain-Gate Voltage (Ras =1.0MQ) (1) Your 400 Vde 
Gate-Source Voltage Vas +20 Vde 
Continuous Drain Current Tc =25°C | ID | 1.5 1.0 Adc 
Continuous Drain Current Tc =100°C oo Te) _| 0.9 0.6 Adc 
Drain Current — Pulsed (3) lpm 3.5 3.0 Adc 
Gate Current — Pulsed _ lam $15 Adc 
Single Pulsed Avalanche Energy (4) Eas 60 mj 
Avalanche Current : las 1.5 A 
Total Power Dissipation at Te =25°C Pp 25 Watts 
Derate above 25°C 7 if 0.20 W/°C 
OF aut Tees Range | Ty, Tstg onretae me 
Maximum Lead Temp, for Soldering th | 300 oC | 
Purposes, 1/8” from case for 5 seconds 
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IRFR310/312 
IRFU310/312 


N-CHANNEL 
POWER MOSFET 


ELECTRICAL CHARACTERISTIC (Tc = 25°C unless otherwise specified) 


aa 


BVpss_ | Drain-Source Breakdown Voltage 


Vasith) | Gate Threshold Voltage 


Vos =Ves, Ip =250pA 


lass | Gate-Source Leakage Forward Ves = 20V 
less Gate-Source Leakage Reverse Ves =20V 
loss | ere Gate Voltage Drain Current Vps =Max. Rating Ves =0V 


On-State Drain Source Current (2) 
ID(on) IRFR310/U310 


IRFU312/U312 


Vos> ID(on) ¥ RosionyMax. Ves =10V 


Static Drain-Source On-State 
Resistance Ves =10V, Ip =0.8A 
Rpsion) | IRFR310/U310 


IRFR312/U312 


Ots Forward Transconductance (2) Vos >Robs x|!pion), |p =0.8A 


Ciss | input Capacitance 


Coss Output Capacitance Vas =OV, Vos =25V, f=10MHz 


sf 
Crss Reverse Transfer Capacitance 


ta(on) | Turn-On Delay Time 
tr Rise Time : n Vpp =0.5 BVpss, Ip =1.5A, Zo =240 
1 (MOSFET switching times are essentially 
independent of operating temperature) 


ta(off) Turn-Off Delay Time 
te Fall Time 


Total Gate Charge 
(Gate-Source Pulse Gate-Drain Ves =10V, Ip =1.5A Vps =0.8 Max. Rating 
(Gate charge is essentially independent of 


operating temperature) 


Qgs Gate-Source Charge 
Qga Gate-Drain (“Miller”) Charge 


THERMAL RESISTANCE 


Junction-to-Case 


Mounting surface flat, 


smooth, and greased 
Rtn Junction-to-Ambient 


MAX 110 Free Air Operation 
Notes: (1) T y=25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Rthcs Case-to-Sink 


311 


ELECTRONICS 


IRFR310/312 N-CHANNEL 
IRFU310/312 POWER MOSFET 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


ae a 


Modified MOSFET 
-integral reverse 
P-N junction rectifier 


Tc =25°C, Is =1.5A, Ves =0V 
=25°C, Ip =1.5A, dir/dt=100A/ys 


Notes: (1) T; =25°C, to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us PULSE TEST 
Vps >!pion) * Rosion) Max. 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


=7V 
— 
7 


Ves= 
nm 


# 
a 
st 
Hi 
ii 
a 
L 
ie 
L 
a 
a 
ao 


0 20 40 60 80 100 120 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL OUTPUT CHARACTERISTCS TYPICAL TRANSFER CHARACTERISTICS 


dg a ee 
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TI sili == =F} 048: 
7 — That tr tt 
| Eas 
ui wl re ae a 
= = —— 
7 5 
z Ww 
Ww c 
ea c 
c > 
=) oO 
° =z 
: : iiiiiintiis NE Ulll 
< 
e ra OF | a ae aT AS i TV GA OD On) I By =e 10ms rH 
= - pe cH 
a) Bee ~ tty = 0 
fils oe 
a 
.01 
1.0 2 5 10 20 50 100 200 500 
e, DRAIN-TO- ae sore (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS MAXIMUM SAFE OPERATING AREA 
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ELECTRONICS 


IRFR310/312 N-CHANNEL 
IRFU310/312 POWER MOSFET 


= wee 
St [Be oe we 
Re |S SE re te lee es Ge 


-—s 
ee —_s—. 
Dee sri Tr 
—- <n 
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il im 


1. Duty Factor. p= 
“SINGLE PULSE TRANSIENT| 
{ THERMAL IMPEDANCE ! Baal 3. Tyw-To=Pom Zine (t). 


ZthucityRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


1075 5 10% 2 5 10% 92 5 107 2 5 10° 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80uS PULSE TEST 
Vps>lpion) X Ros(on) Max 


Gts, TRANSCOUNDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rpson), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


—40 O 40 80 120 160 -—40 40 80 120 160. 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFR310/312 N-CHANNEL 
IRFU310/312 POWER MOSFET 


a 
a 
S 
c o 
S x 
o Ciss =Cgs +Cgg, Cup SHORTED 3 
z 
< Crss =Cgq Ww 
° Coss =Cas + Cgs +Cga & 
< =Cgs +Cgq S 
A fe) 
o un 
Ww 
q 
= 
3 
> 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


| 
+ Rosion) MEASURED WITH 
CURRENT PULSE OF 2.0. 
DURATION INTIAL Ty =25°C. 
(HEATING EFFECT OF 2.0, 


Ip, DRAIN CURRENT (AMPERES) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 1 2 3 4 5 6 7 8 9 10 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT MAXIMUM DRAIN CURRENT Vs. CASE TEMPERATURE 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 
POWER Vs. TEMPERATURE DERATING CURVE. 
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ELECTRONICS 


IRFR320/322 N-CHANNEL 
IRFU320/322 POWER MOSFET 


FEATURE 


Lower Rpscon) 

Improved inductive ruggedess 

Fast switching time 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR320/322 


PRODUCT SUMMARY 
Part Number Vos Rpsvon) ID(on) 
IRFR320/U320 400V 1.80 2.7A 
IRFR322/U322 400V 2.50 2.3A 


IRFU320/322 


ABSOLUTE MAXIMUM RATINGS 
0 Vdc 


Drain-Source Voltage (1) | Voss 40 | Vde 

 Drain-Gate Voltage (Res =1.0MQ) (1) |__ Voer 400 
Gate-Source Voltage Ves | +20 Vdc 
Continuous Drain Current Tc =25°C Te) 2.7 2.3 | Adc 
Continuous Drain Current Tc =100°C | Te) 1.8 
Drain Current — Pulsed (3) | IDM TL 11.0 — 90 | Ade | 
Gate Current — Pulsed Iam a +15 Ade | 

Single Pulsed Avalanche Energy (4) Eas 16 
Avalanche Current las 2.7 
Total Power Dissipation at Tc =25°C | Pp | 42 
Derate above 25°C | | I 0.33 Wwiec 
Operating and Storage 

| phe ener Range | Ty, Tstg “ee 
Maximum Lead Temp, for Soldering Tr 300 


Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max, junction temperature 
(4) L=4.5mH, Vag =50V, RG=25Q, Starting T) =25°C 


ELECTRONICS 


IRFR320/322 N-CHANNEL 
IRFU320/322 POWER MOSFET 


ELECTRICAL CHARACTERISTIC (Tc =25°C unless otherwise specified) 


7 eharacterio [win [yp | wax | Unite | YeatConation 


; Vas =0V 
: V ' 


T Wesay | Gato Tiesto tags | 20 | — | 40 | V_| VooVos. 4-250 
GateSource Leakage Foward | — | — | 100 | oA [Vee 
P= [=100 [na [Vesey 
Sere 


| A Vos > |pion)  Rosionymax. Vag =10V 


On-State Drain Source Current (2) 
IRFR320/U320 


IRFU322/U322 


Static Drain-Source On-State 


Resistance 
IRFR320/U320 


Ciss Input Capacitance 

Cn 
ta(on) | Turn-On Delay Time — 
of 


Total Gate Charge 
(Gate-Source Pulse Gate-Drain 


Ves =10V, Ip =1.4A 


Rpscon) 


Vps>Ros X!pion), Ip =1.4A 


Ves =OV, Vos =25V, f=10MHz 


nw 
N 


Vpp =0.5 BVpss, |p =2.7A, Zo =180 
(MOSFET switching times are essentially 
independent of operating temperature) 


NC | Ves =10V, Ip =2.7A, Vos =0.8 Max. Rating 


(Gate charge is essentially independent of 
operating temperature) 


a } 


PSS 


Qgs Gate-Source Charge 
Qga Gate-Drain (‘‘Miller’”’) Charge — 


© 
MN 
3 
QO 


iy 


[Rie | vunctiontoGass | MAK | 90 | KW | 
Rincs Gnesip Sink TYP 17 Mounting surface flat, 
smooth, and greased 


Notes: (1) Tj=25° to 150° 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. juction temperature 
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ELECTRONICS 


IRFR320/322 N-CHANNEL 
IRFU320/322 POWER MOSFET 


eet DIODE RATINGS AND CHARACTERISTICS 


Characteristic Min | Typ | Max Units Test Condition 
ee Diode) integral reverse Le 
ow _| Pulse-Souree Current (9) Sea eee P.N junction rectifier 


"Trivers Resomyine = Tae = Doe [ear entra, anamroo 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


os 
a 


a a 
: ep; | | | | pet 
a a 
z : 
: - | | | | | f |] 
W 
e | Sa é --y nm 
oOo 
: | SPE 2 ‘in 
ef TT ves=45v_ | £ 
‘ FREER ee é 
PT esas 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ‘ag, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL OUTPUT CHARACTERISTCS TYPICAL TRANSFER CHARACTERISTICS 
102 
3 ? 
4 
E 5 Sa esciee 
: dim 
& 6 1.0 ay SS 
Z-) = i 
5 
= Sit Serene HH 
5 mae SINGLE PULSE maa NI J dOsne 
COM Cl Nis ret 
0.1 
1.0 2 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) ie cae is aniiaiean VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS MAXIMUM SAFE OPERATING AREA 


ELECTRONICS 


IRFR320/322 N-CHANNEL 
IRFU320/322 POWER MOSFET 


1. Duty Factor, Da 
te. 


PTT TTT | antlE tt 
0.02 
ree ce | | | tt 


5 5 


a SQUARE wit PULSE eat eet. 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


102 [7 
Tee td 


2. Per Unit Base=Rthyc =6.4 Deg CW TI 


3. Tym-To =Pom Zthuc(t)- 


= 
= 

W 

7) 

26 ss Sees aes 
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ee, 
HE | 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Gts, TRANSCONDUCTANCE (SIMENS) 


ware 
v/ PAE 
Wei tt} ttt | 


Ball 


Ts 


1 2 3 4 5 6 
p, DRAIN CURRENT (AMPERES) p, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSCONDUCTANCE Vs. DRAIN CURRENT TYPICAL SOURCE- DRAIN DIODE FORWARD VOLTAGE 


1.15 


= 
[=] 
a 


BVpss, Drain-to-Source Breakdown Voltage 
(Normalized) 
—) 
oO 
a 


a 
ie! 
| 
a 
x 
Ze 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(Normalized) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


IRFR320/322 N-CHANNEL 
IRFU320/322 POWER MOSFET 


Ves =0 

+ f=1MHz 
Ciss =Cgs +Cga , Cas SHORTED 
Criss =Cgq 


_Cgs-Cga _ =Cas +Cog 


Coss =Cds + Cgs +Cgq 


Vps =200V 
Vps =320V 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs, Drain to Source Voltage Typical Gate Charge Vs, Gate-To-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 


Rosion) MEASURED WITH 
CURRENT PULSE OF 2.0us ; 
DURATION INITIAL Ty =25°C 

(HEATING EFFECT OF 2.0ys 

PULSE IS MINIMAL) 


5 50 75 


Rpson), DRAIN-TO-SOURCE ON-RESISTANCE (OHMS) 


\ 
_\ 


0 3 6 9 12 15 2 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE 
Typical On-Resistance Vs, Drain Current Maximum Drain Current Vs, Case Temperature 

= _ 

E 
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= et 
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= 
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”n 
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x 

Ww 

m4 

3 IN 

aN 

0 20 40 60 80 100 120 140 160 
TL, CASE TEMPERATURE (°C) 
Power Vs, Temperature Derating Curve 
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ELECTRONICS 


IRFR420/422 N-CHANNEL 
IRFU420/422 POWER MOSFETS 


FEATURES 


Lower Rps (on) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR420/421 


PRODUCT SUMMARY 
_PartNumber | Vos__| Rosin | lo_| 


IRFR420/U420 
IRFR422/U422 


IRFU420/422 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (1) 500 500 | Vde | 

|__Drain-Gate Voltage (Ras=1 OMQ) (1) 500 500 Vdc | 
Gate-Source Voltage | Vde | 
Continuous Drain Current Tc=25°C Ip 20 22 | Adc 

; Continuous Drain Current Tc=100°C Ip 1.6 1.4 | Adc | 

| Drain Current—Pulsed (3) lpm 8.0 | 7.0 | Ade | 

| Gate Current—Pulsed lam £15 | Adc | 
Single Pulsed Avalanche Energy (4) Eas 210 ; my 
Avalanche Current las 2.5 : | A | 
Total Power Dissipation at Tc=25°C _ | 42 Watts 

| _Derate above 25°C | 0.33 | wee | 

_—“hneton Tempera Range | Tay Tato se Te Ue “© | 
Maximum Lead Temp. for Soldering T | eae : ; oe 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=60mH, Vag=50V, Re=250), Starting Ty=25°C 
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ELECTRONICS 


IRFR420/422 N-CHANNEL 
IRFU420/422 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic ime ie | See Test Conditions 
BVpss Drain-Source IRFR420/422 V | Ves=OV, Ip=250yuA 
Breakdown Voltage IRFU420/422 — _— — 
VaSith) Gate Threshold Voltage 2.0 = 4.0 V_ | Vos=Ves, Ip=250yuA 
lass Gate-Source Leakage Forward — — 100 | nA | Ves=20V | 
less Gate-Source Leakage Reverse _ | — |-100}! nA | Ves=—20V 
Ipss Zero Gate Voltage Drain Current — — | 250 | wA | Vos=Max. RatingX0.8, Veas=OV 
— — | 1000 | wA | Vps=Max. RatingxX0.8, Tc=125°C 
t Tt | 
| On-State Drain- IRFR520/U420 | 2.5 a — A_ | Vps210V 
Mien) Source Current (2) IRFR422/U422 | 2.0 | — = A | Vgs=10V 
t t i 
. Static Drain-Source IRFR420/U420 | — | 2.5 3.0 Q. | Vas=10V, Ip=1.0A 
seasis | On-State Resistance (2) IRFR422/U422 | — |3.0| 4.0 | Q 
Ots Forward Transconductance (2) 1.4 | 2.3 — U | Vpos250V, Ip=1.0A 
Ciss | Input Capacitance — | 390 — pF | Ves=OV 
| Coss Output Capacitance — 52 — DF | Vps=25V 
T 
me | Reverse Transfer Capacitance — 22 -- pF | f=1.0MHz 
ti | Turn-On Delay Time _ 10 15 | nS | Vpp=0.5BVpss, Ip=2.5A 
| | 
ty | Rise Time = | 48 18| ng | 2o=180 
i 4 + (MOSFET switching tirnes are 
tao) | |Turn-0F Baily Nine — | 28] 421) 8 | ossentially independent of 
tt Fall Time _ l2 18 | ns _ | operating temperature) 
T | I 
Total Gate Charge 
Q _ is 19} nC = = = 
7 (Gate-Source Plus Gate-Drain) Ves TOV, Ip=2.5, Vos 0.8 Max. 
Rating (Gate charge is essentially 
Qgs Gate-Source Charge independent of operating 
Gate-Drain (‘Miller’) Charge temperature) 


Junction-to-Case 


TYP Tot K/W Mounting surface flat, 
| Smooth, and greased 


Rthcs Case-to-Sink 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFR420/422 N-CHANNEL 
IRFU420/422 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


[Symbol] Characteriaie [in| typ [Max uni] Test Conditone 
— ee, A 


Is Continuous Source Current IRFR420/U420 Modified MOSFET symbol 
(Body Diode) IRFR422/U422 showing integral 


Pulse Source Current (3) IRFR420/U420 reverse P-N 
IRFR422/U422 


Diode Forward Voltage (2) IRFR420/U420 ; Tc=25°C, Is=2.5A, Vags=OV 
IRFR422/U422 Tc=25°C, Is=2.2A, Vas=OV 


junction rectifier 


Reverse Recovery Time Ty=25°C, IpF=2.5A, 
dl-/dt=100A/p"S 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 
Vps>Ip(on) XRps(on) Max 
z _ * 
WW 2) 
ac uj 
Ww cx 
E 2 
= 
= < 
ae = 
2 - 
i z 
a Ww 
‘ fea ac 
> ioe 
oO =| 
z S) 
a z 
oc < 
fa) c 
[=] 
a - 
~ £2 
0 50 100 150 200 250 0 5 4 6 5 10 Tee 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
10° = aae | | | | = TT H 
ie a { aa aan 
T T T 5 f tt +t =i Hy Sy 1 
80yus Pulse ee + OPERATION IN THIS AREA tH 
_ reat IS LIMITED BY al 
a 2 TP ++ RDS(on) {| I + | + 
om a | | | | | 
Ww a Hh} 
= = oe 
< <= ww 
= = 15 
= z 2 
é e 
cr rs BS 
= = | 
re) : aN 
Zz < 
= 3 1.0 {|} ‘ 
a) : pT To=250°C ANS 
a) = a Tj=150°C MAX. 1-1 eae 
8 Rthic=1.67 K/W TT TTI 
SINGLE PULSE | | [1 | 
2 | {+ iM 10ms 
11 it 
1 
0:1 O0Oms 
10 2 5 10 20 50 100 200 500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


ELECTRONICS 


IRFR420/422 N-CHANNEL 
IRFU420/422 POWER MOSFETS 


a 


1. Duty Factor. p=! 


th. 
2. Per Unit Base=Rmyc=1.67 Deg. C/W 
4} 3. Tyw-Tc=Pom Zinc (t)- 


Zthsc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


o-s 5 10~ 2 5 10° 2 5 io 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 


Vps>lIp(on) X Rps(on) Max. 
a i 


gfs, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


a 
| 
i 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


(NORMALIZED) 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


 =—#0 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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IRFR420/422 N-CHANNEL 
IRFU420/422 POWER MOSFETS 


1000 
4 { Z fp 
| | | _ 
| Vas=0 | | a 
— f=1MHz ——+—— 1 t 2 
Ciss=Cgst+Cga, Cas SHORTED | > 
_— 800 }— + Crss=Cga r --—}---+— Ww 
‘a Cc Ss Cgq 
& Coss=Cas to 6 Vps=100V 
3 wae fe) Vos=250V. 
< niles = Vps=400V 
3) a 
E Ww ) 
2 : | 
a 
= 400 r 
= fe) 
5 in 
= Ww 
= 
< 
O 
200F , 
oO 
> 
OH (ieee Rese 
a 


0 10 20 30 40 50 0 4 8 12 16 20 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Oy, TOTAL GATE CHARGE {nC} 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rpson) MEASURED WITH 
CURRENT PULSE OF __ 
2.0us DURATION | 

INITAL Tj=25°C. | | 
(HEATING EFFECT OF 2.0us 
PULSE IS MINIMAL) 


+ 
| 
—a 


lp, DRAIN CURRENT (AMPERES) 


Ros (on, DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 2 4 6 8 10 12 14 16 18 20 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


O 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFR9010/12/14/15 P-CHANNEL 
IRFU9010/12/14/15 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR9010/9012 
IRFR9014/9015 


PRODUCT SUMMARY 


Part Number Vos Rps(on) Ip 
IRFR9010/U9010 | —50V | 0.500 —5.3A 
IRFR9012/U9012 | —50V |} 0.700 —4.5A 
IRFR9014/U9014 | —60V | 0.500 —5.3A | IRFU9010/9012 
| IRFR9015/U9015 | —60V | 0.700 —4.5A IRFU9014/9015 
i 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol | IRFR9010 | IRFR9012 | IRFR9014 | IRFR9015 Unit 
IRFU9010 | IRFU9012 | IRFU9014 | IRFU9015 
Drain-Source Voltage (1) ; | Voss | =60 | —60V_ Vde 
Drain-Gate Voltage (Ras=1.0M(Q)(1) VpcR —50 60" | Vde _ 
_Gate-Source Voltage | _Ves «£20 ee | Vde | 
Continuous Drain Current Tc=25°C : | Ib | —5.3 “to | =e —4.5 | Adc | 
Continuous Drain Current Tc=100°C ae ID | «-33 | -28 | ~33 | —2.8 | Ade | 
Drain Current—Pulsed (3) : | tom =| 21 | -18 | -21 | -18 | Adc 
Gate Current—Pulsed 7 Iam £1.5 Adc 
Single Pulsed Aualanche Energy (4) Eas | ee ee ee) ee 
| Avalanche Current _ las — eS a | A 
| Total Power Dissipation at Tc=25°C Pp 25 Watts | 
| Derate above 25°C _| ee 0.20 a | wee | 
tee eae Ty, Tsta | 788 t0150 | *¢ 
Sees ee — T ia oe 


Notes: (1) Tj=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=9.7mH, Vag=—25V, Rg=25N1, Starting Ty=25°C 
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ELECTRONICS 


IRFR9010/12/14/15 P-CHANNEL 
IRFU9010/1 2/14/15 | POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic Min | Typ | Max (Units Test Conditions 
Drain-Source Breakdown Voltage 
BVpss | IRFR9014/9015, IRFU9014/9015 |—-60| — _~ V | Ves=OV, Ip=—250pnA 
IRFR9010/9012, IRFU9010/9012 |—50; — —- V 
VGS(th) | Gate Threshold Voltage —2.0| — |-4.0| V_ | Vps=Ves, Ibp=—250yuA 
lass_ | Gate-Source Leakage Forward — — |—500} nA | Ves=—20V 
lass_ | Gate-Source Leakage Reverse — — | 500 | nA | Ves=20V 
lpss_| Zero Gate Voltage Drain Current — — | 250) pA | Vps=Max. Rating, Veas=OV 
—|— |1000 Vps=0.8 Max Rating, Vas=20V, Tj=125°C | 
Ib(on) | On-State Drain-Source Current (2) Vps<—-3.7V, Ves=—10V 
IRF9010/9014, IRFU9010/9014 |—5.3| — — A 


IRF9010/9015, IRFU9012/9015 |—4.5| — — 


+ + 


Rpsion) | Static Drain-Source 


IRFR9010/9014, IRFU9010/9014 | — | — |0.50}| Q | Ves=10V, Ilp=—-2.8A 

IRFR9012/9015, IRFU9012/9015 | — | — |0.70 
Ofs Forward Transconductance (2) 1.14] — — U | Vos<—50V, Ip=—-2.8A 

T —- —_}+—_— 
Ciss_ | Input Capacitance — |308 | — pF | Ves=O0V 
| | 
Coss | Output Capacitance | — socal -— pF | Vps=—25V 
Crss_ | Reverse Transfer Capacitance | — | 55 | — pF | f=1.0MHz 
tdion) | Turn-On Delay Time — |= | B2 
+ t Vop=— 25V, Ip=—-4.7A, Zo=240, 
tr Rise Time (MOSFET switching times are essentially 

taoft) | Turn-Off Delay Time independent of operating temperature) 


ts Fall Time 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) , Ves=—10V, Ip=—4.7A, Vps=0.8Max. Rating 


Que Niece tee Charge (Gate charge is essentially independent of 
— operating temperature.) 


Gate-Drain (‘Miller’) Charge 


Qg 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink , K/W | Mounting surface flat 
smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFR9010/12/14/15 
IRFU9010/1 2/14/15 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min Typ | Max |Units Test Conditions 


Ic Continuous Source Current _|_|-63] a Modified MOSFET D 
| | (Body Diode) | ines! eichaaiaie - 
ISm Pulse Source Current (3) | =—18 | P-N junction rectifier s 
| Vsp | Diode Forward Voltage oe | eal aa —5.5 Tc=25°C, Is=—5.3A, Vaes=OV 
” Reverse Recovery Time 5 ee | 160 | ns _ | Tj=25°C, IlF=—4.7A, dle/dt=100A/pS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


3 6 9 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


ai 2 
OPERATION IN THIS AREA 


Zz HEE IS LIMITED BY Rosjon 
| py H Litt nl 
| vA oat = + 
IRFR9O10| || 1 | qty 
=* nie ge + = Phe 
IRFR9012 N a 


-5 -10 -5 -100 —500 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


ELECTRONICS 
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IRFR9010/12/14/15 P-CHANNEL 
IRFU9010/12/14/15 POWER MOSFETS 


| 
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a8 a 
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$ -_ ee ee es pt mH 
5 (ae Eas fae 
4 (eis a co 
S$ eee a 
si = — 
Za | } [ } | T te 
gw eee 
32r t 
el = 1 1. Duty Factor. D=—L 
ec | fe 5 
g t T 2. Per Unit Base=Rnjc= 1.67 Deg. C/W 
2 3. Tym-To=Pom Zinsc (t) 
N 


10-5 5 10° 2 5 10% 2 5 107 2 5 10° 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vos>lpion) xRpsion)max 


Gres, TRANSCOUNDUCTANCE (SIEMENS) 


IprR, REVERSE DRAIN CURRENT (AMPERES) 


@) =1 -2 —3 -4 -5 -6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFR9010/12/14/15 P-CHANNEL 
IRFU9010/1 2/14/15 POWER MOSFETS 


Vos=O0V, (= 1MHz 
T Cys=Cgs+Cad, Cds Shoted | 
Crss=Cgd | | | | 
~Cos=Cds+Cgd Cgs/(Cgd+Cgs) 
= Cds+Cgd | 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


2 4 6 8 10 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gy SAtAL Sais Ceenee et 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


25 50 75 700 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta. AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Urain Current Vs. Case Temperature 
a 
— 
i 
4 
= 
z 
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—_ 
<x 
a. 
” 
2 
a 
cx 
Ww 
= 
° 
a 
ra} 
a 
e 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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IRFR9020/22/24/25 P-CHANNEL 
IRFU9020/22/24/25 POWER MOSFETS 


FEATURES 


Lower Rps (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR9020/9022 
IRFR9024/9025 


PRODUCT SUMMARY 


Part Number 
IRFR9020/U9020 
IRFR9022/U9022 
IRFR9024/U9024 
| IRFR9025/U9025 


IRFU9020/9022 
IRFU9024/9025 


ABSOLUTE MAXIMUM RATINGS 


Characteristic IRFR9024 


IRFU9024 


IRFR9025 
IRFU9025 


IRFR9020 | IRFR9022 
IRFU9020 | IRFU9022 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1 .OMQ))(1) 
Gate-Source Voltage 


Continuous Drain Current Tc=25°C | Ip -—9.9 9.0 | -9.9 9.0 | Adc | 
Continuous Drain Current Tc=100°C | Ip = 6.3 =—§.7 | —6.3 6.7 | Adc 
Drain Current—Pulsed (3) lpm | —40 —=36 | —40 — 36 _| Adc 
| Gate Current—Pulsed Iam | 2 | Ade | 
Single Pulsed Aualanche Energy (4) Eas | 440 a LL mM | 
| Avalanche Current las : “35 ee 
Total Power Dissipation at Tc=25°C Pp 42 Watts 
Derate above 25°C | ; 0.32 wee 
ae Ts Tg “810150 | 

Maximum Lead Temp. for Soldering Ty 300 °C 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=5.1mH, Vag=—25V, Rg=250), Starting Tj=25°C 


ELECTRONICS 


IRFR9020/22/24/25 P-CHANNEL 
IRFU9020/22/24/25 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (1.=25°c unless otherwise specified) 


Symbol Characteristic Min | Typ | Max |Units| Test Conditions 


Drain-Source Breakdown Voltage 


BVpss | IRFR9024/9025, IRFU9024/9025 |-60| — Ves=OV, Ibp=—250yuA 
IRFR9020/9022, IRFU9020/9022 | -50| — 
V@sith) Gate Threshold Voltage —-2.0| — Vos=Ves, Ip=—250yuA 
less | Gate-Source Leakage Forward == Ves=—20V 
lass_ | Gate-Source Leakage Reverse — | = Ves=20V 
Ipnss_| Zero Gate Voltage Drain Current —|— Vps=Max. Rating, Vas=OV 
—|— Vps=0.8 Max. Rating, Vas=OV, Tj=125°C 
— + = as 
Ip(on) | On-State Drain-Source Current (2) | Vos —-3.2V, Ves=—10V 
IRFR9020/9024, IRFU9020/9024 |-9.9} — 
| IRFR9022/9025, IRFU9022/9025 |—9.0) — 
Rpsvon) | Static Drain-Source 
IRFR9020/9024, IRFU9020/9024 | — |0.20 Ves=—10V, Ibp=—-5.7A 
IRFR9022/9025, IRFU9022/9025 | — | — 
Ofs | Fone Transconductance (2) 2.3 | — Vps<—50V, Ip=—5.7A 
Ciss_ | Input Capacitance — |650 Ves=OV 
Coss | Output Capacitance — |220 Vps=—25V 
Crss | Reverse Transfer Capacitance — |110 f=1.O0MHz 
t Turn-On Delay Time — |15.4 
— aS Vop=— 25V, Ip=—9.7A, Zo=180 
t | Rise Time — [29.4 (MOSFET switching times are essentially 
taoft) | Turn-Off Delay Time Ss 20.5] independent of operating temperature) 
tr Fall Time — |48.1 
Q Total Gate Charge _ |937 
(Gate-Source Plus Gate-Drain) , Ves=—10V, Ip=—-9.7A, Vps=0.8Max. Rating 
Qs _| Gate-Source Charge _ |88 (Gate charge is essentially independent of 
f { operating temperature. ) 
Qga_ | Gate-Drain (‘Miller’) Charge — |10.8 


THERMAL RESISTANCE 


Rthuc Junction-to-Case MAX 3.0 K/W 

Rthcs Case-to-Sink TYP 17 K/W | Mounting surface flat 
smooth, and grased 

Rthsa Junction-to-Ambient MAX 110 K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFR9020/22/24/25 P-CHANNEL 
IRFU9020/22/24/25 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Simao[ shone [wn] To [ ou [ois] Yast onsns 


Continuous Source Current Modified MOSFET 
(Body Diode) integral reverse 


Pulse Source Current (3) P-N junction rectifier 


Tc=25°C, Is=—5.3A, Ves=OV 
T)=25°C, IF==—4.7A, dle/dt=100A/yuS 


Diode Forward Voltage 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


-5 =10 —15 —20 -25 —-30 ay 9 ~3 =a = =G ~7 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


80us Pulse Test OPERATION IN THIS AREA 
-LIMITED ru Rosion “i 
RERe020/ 7 
J “7 fies 
- THEHO O22 "2 = 
g ff No. 
& f 
Ww > \ 
z STEEN 
< = aH H 
<. = 
= = 
é Ww 
o xc 
& c 
s = | 
rs) rs} 
z 

3 <q 
= = 
: : 

5 a 
2 SL 

ot -5 -10 —5 -—10? -5 —-10? 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFR9020/22/24/25 P-CHANNEL 
IRFU9020/22/24/25 POWER MOSFETS 


< 


eee oe ew +44 


e as i eee Se Ie eee 9 at. meee ut a Ae ES Se fl 4 = bt 

0.05 1 ees ee en + +--+. +++4+ + + } + ++ }+—+- L ‘: 
SINGLE PULSE TRANSIENT~+ enna —— 1 Duty Factor O= 11 

THERMAL IMPEDANCE | | | t | 

a a ee a fame = ‘ : 3 T+ 2. Per Unit Base=Ryyc= 1.67 Deg CW i 

0 


Ztnsc(t/Rtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


rth | =e = oe oe = a 3 Tym—To=Pom Zinsc (t) 
| | 


107s Ss 40” 2 5 te 2 5 1? 2 5 10°! 2 5 1 2 5 1 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


5.0 


Go 
o) 


~ 
oO 


Grs, TRANSCOUNDUCTANCE (SIEMENS) 


ro) 
IprR, REVERSE DRAIN CURRENT (AMPERES) 


8Q0us Pulse Test 


? =4 -€ —12 —10 —20 6 8 10 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0 
—7o —50 =25 O 25 50 75 100 125 150 175 —75 —50 —25 25 50 75 100 125 150 175 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 

Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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IRFR9020/22/24/25 P-CHANNEL 
IRFU9020/22/24/25 POWER MOSFETS 


Ves=OV, f= 1MHz 
C\s;=Cgs+Cgd, Cds Shored 
Criss =Cgd | 


Cgs Cdg 
Cgs+Cgd 


| Cyss=Cds + 


C, CAPACITANCE (pF) 


Vces, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 8 16 24 32 40 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Bg. TOTAL BATE Geenoe jie) | 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


80us Pulse Test 


+——}— 


t T T 
IRFR9020/9024 


Ip, DRAIN CURRENT (AMPERES) 


Ros ion DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 
8 16 24 32 40 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Urain Current Vs. Case Temperature 
: a 

a 
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5 24 
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a 
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° 

a 
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a 

0) a 
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Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFR9120/9121 P-CHANNEL 
IRFU91 20/9121 POWER MOSFETS 


FEATURES 


Lower Robs (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR91 20/9121 


PRODUCT SUMMARY 


[Part Number | Vos | Roam [ta] 
IRFR9120/U9120 | —100V! 0.602 
IRFR9121/U9121 ~g0v | 0.600 


IRFU91 20/9121 


_ Symbol _ 
Voss | 
Voce _| 
to 
| to | 
tom | 
Adc 
Eas 
tas 


MAXIMUM RATINGS 


Characteristic IRFR9120/U9120 IRFR9121/U9121 
Drain-Source Voltage (1) Voss | -100 |  -80  _—i«||_—‘vd 
Drain-Gate Voltage (Ros=1.0M0)(1) Voorn | -100 = =|  ~—-80 _—i||_—:‘Vde 


| Gate-Source Voltage G 


< 


i?) 


o 
1 | i+ 
O} po 
oOo |O 

BR 
Qala 
Qa 1/0 


Continuous Drain Current Tc=25°C 


| 
wo 
N 
> 
aM 
re) 


Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 
Gate Current—Pulsed 


| 
ye) 
£ 
> 
Q 
re) 


GM 


r 
Single Pulsed Avalanche Energy (4) 


m 
> 
wm 
ae) 
o}N 
to |O 
 - 


| Avalanche Current 
Total Power Dissipation @ Tc=25°C 


42 Watts 
Derate above 25°C 0.33 W/°C 


ee | and Storage = 

Junction Temperature ee | Ty, Tstg a8 1 10 
Maximum Lead Temp. for Soldering 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=18mH, Vag=—25V, Re=250, Starting Tx=25°C 
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On 


ELECTRONICS 


IRFR9120/9121 P-CHANNEL 
IRFU91 20/9121 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol! | Characteristic Min | Typ | Max: |Units Test Conditions 
Drain-Source Breakdown Voltage Vy 
IRFR9120/U91 20 
BVpss 
IRFR9121/U9121 go} — | — | v | Ip=—250yA 
Gate Threshold Voltage la.0| — | 4.0 Vos=V6es, Ip=—250yuA 


Gate-Source Leakage Forward [| Ves=—20V 
Gate-Source Leakage Reverse Ss —100} nA | Ves= 20V 


— 
oO 
oO 


Zero Gate Voltage Vos=Max. Rating, Vas=OV 
Drain Current Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
Vps>lp(on) X Rosion)max. Ves=—-10V 


Ves=—-10V, Ilp=-3.7A 


On-State Drain-Source Current (2) 
Static Drain-Source On-State 
Resistance (2) , 


Rpsjon) 
Forward Transconductance (2) 


Oo 

on 

ro) 
ah 
Oo lh 
O10 
ro) 


Vos<—50V, Ip=—-3.7A 
Ciss 
Coss 
Crss 


Input Capacitance 


soem me) = Ie 3 |5 


Output Capacitance 


Reverse Transfer Capacitance [sae 


Ves=OV, Vos=—25V, f=1.0MHz 


£ 


— 
Ww 
ay 
nN 


4.5 


tr Rise Time 44] 66 | ns | 

aon | Tum-oH Dey Tme «| — | 10 | 18 | ns 

Pu [ratme | 22 | 89 | no 

| & [iSincawsr ms eon) |= |12| 29 | oe 
(Gate-Source Plus Gate-Drain) 

Oy | GateSouce Crage =| = [20] 80 | no 

[5s | Gate-Dran ("Miler Grarge | — [68 | 10 | no 


Turn-On Delay Time 
Vpp=0.5BVpss, Ip=—6.4A, Zo=18N 


(MOSFET switching times are essentially 
independent of operating temperature) 


1%) 
” 


Ves=—10V, Ip=—6.4A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


THERMAL RESISTANCE 


Junction-to-Case 


wl SCS 
ounting surface flat, smooth, and greased 


Junction-to-Ambient Free Air Operation 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRFR9120/91 21 P-CHANNEL 
IRFU9120/9121 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


ee a 


Continuous Source Current 
(Body Diode) —9.9 
: showing the integral 


Pulse Source Current(Body Diode)(3) = | -24] ae reverse P-N junction rectifier 
| Vso | Diode Forward Voltage — EIS Tc=25°C, Is=—5.9A, Ves=OV 


Li | Reverse Recovery Time| — } — | — | ns_ Tj=150°C, lrF=—6.4A, dlif/dt=100A/yuS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Modified MOSFET 


—24 


oe 
a 


—16 


|__| Ves= — 9V 


Fe Ge a i Gh 


PE vse —ev | 


+—TVes= -7V 
a Sa 
— 


= GE GS ES Gn EE RS SS) ae Ge eS 


AREER 


I 
—s 
Ds) 


Ip, DRAIN CURRENT (AMPERES) 
I 
© 


Ip, DRAIN CURRENT (AMPERES) 


pot] Tf vgs=— av | 
0 —10 —20 -30 —40 -50 -60 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


—20 —-100 a eee 
Pf fof ff | PTT OPERATION IN THIS AREA Tr rrr 
t+} |s LIMITED BY ‘a Heth 

— ‘on 
a Aihoat HH 


|Y, 
A 7 am 
|) | jt pawl 


a) Za 
y Zar 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


| 
i 


-0. o| 
a 
| Aaa eee 
0 -2 -4 -6 -8 —10 -1.0 -2.0 -5.0 -10 -20 -50 -100 -500 -—1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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prams 


ELECTRONICS 


IRFR91 20/9121 
IRFU91 20/9121 


P-CHANNEL 


POWER MOSFETS 


Zthuc(/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
gfs, TRANSCONDUCTANCE (SIEMENS) THERMAL IMPEDANCE (PER UNIT) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


| I SINGLE PULSE (TRA 
ret tt THERMAL IM IMPEDAN 


1. Duty Factor, pat 


2 


2. Per Unit Base =Rinjc=6.4 Deg C W 


3. Tyw-Tco=Pom Zinc (t) 


os 10° 2 5 10° 2 


i 


2 5 10°! 2 5 1 2 ) 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) ; 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80us Pulse Test 
Vos>lp(on) x Rosionymax 


0 -4 —8 —2 -16 


1325 


1.05 


0.95 


0.85 


Ip, DRAIN CURRENT (AMPERES) 


—20 


Typical Transcounductance Vs. Drain Current 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0 -1 -2 -3 -4 -5 -6 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


— 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


ELECTRONICS 
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IRFR9120/9121 P-CHANNEL 
IRFU9120/9121 POWER MOSFETS 


Cgs + Cgd 
=Cds+Cgd 


C, CAPACITANCE (pF) 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 -10 20 —30 = 40 -50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rpsion, MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL Ty=25°C (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 


Ros on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


tit | | | |i | | | 
25 50 75 


0 -2 =-4 -6 =8 =10 -12 -14 =-16 -18 —20 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFR9210/9212 P-CHANNEL 
IRFU9210/9212 POWER MOSFETS 


FEATURES 

Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFR9210/9212 


PRODUCT SUMMARY 


____PartNumber | Vos_| Rosin | In __ 
IRFR9210/U9210 | —200V 


IRFR9212/U9212 | —200V 


IRFU9210/9212 


MAXIMUM RATINGS 


Characters Symbol | inrneaionerao | ierneavaveata [unit 
[BrainSource Votage (1) ——SsS~=~SCiss | SSC ROSSSCS~*dYC 
Dra ate ota Res=7 OwKT) | Voan_[ = 200 
"ateSource Votage | eg | 0 

-coninueun Grin Covert To=d6° | ty | sae | 8 ao 
Continuous Drain Curent Tc=100°C |) | 12S] So 
(Oran Curent Puss (9) | tow [8 
[Gate Curent—Pused SSS~=~dCid | CSCS 


Total Power Dissipation @ Tc=25°C Pp 25 Watts 

Derate above 25°C 0.20 W/°C 
Operating and Storage 2 : 

Junction Temperature Range Ts, Tstg alain 

Maximum Lead Temp. for Soldering ~ 300 °C 
Purposes, 1/8” from case for 5 seconds . 

Notes: (1) Ty=25°C to 150°C 

(2) Pulse test: Pulse width<300us, Duty Cycle<x2% 


(3) Repetitive ratina: Pulse with limited by max. junction temperature 
(4) L=59mH, Vag=—S5OV, Re=250), Starting T=25°C 


pramsonad 


ELECTRONICS 


Single Pulsed Avalanche Energy (4) 
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IRFR9210/9212 P-CHANNEL 
IRFU9210/9212 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Gharacteraiec [Win] Typ | Max [Unto] Test Condions 


BVpss | Drain-Source Breakdown Voltage | -200 Ves= OV 
Ip=—250yuA 


| comtaree nage renee | =| = [100 | wt [Ween 
ee 


Zero Gate Voltage }— | — | 250 | pa | Vos=Max Rating, Ves=OV 

Drain Current T= [1000 | wa | Vos=Max. Ratingx0.8, Ves=OV, To= 125°C 
On-State Drain-Source Current (2) 90 A 
IRFR9210/U9210 


frneziouseie——-1s| — | — | a 


Static Drain-Source On-State 
Rpsion) | Resistance (2) 3.0 .@) 
IRFR9210/U9210 


rmenozizuezi2 Ss | = | ae | 
can [input Cupectace | — [60] — | oF 
cow [ouput Capsctace | = [63 | = | oF | vesov, ve —250, 1.00 
Tcar_| Revere Tenet Cassciecs [= [a7] — or 
Case [Turon ouy Tne | — [60] 12 | wo 
tt [RiseTime sf — | 12 | 18 | ns | 
aan [ Turon Ooey Te = ft ar Le 
ral BCE 

Gate-Source Charge | — | 1, 


Vps>lp(on) XRpsion)max. Ves=—10V 


Ves=—-10V, Ip=—-1.0A 


Vpp=0.5BVpss, Ilp=—-2.3A, Zo=24:2 
(MOSFET switching times are essentially 
independent of operating temperature) 


Fall Time 


Total Gate Charge 
Pate -Source Plus Gate-Drain) 


/ Qgs_| Gate- Source Charge 


a | Geran Mier) Chage | — [3a] 6.7 | no 


Ves=—-10V, Ilp=—-2.3A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


THERMAL RESISTANCE 


Junction-to-Case 


cc 
pace | Casetosine | TYP 
MAX 


K/W | Mounting surface flat, smooth, and greased 
Junction-to-Ambient Free Air Operation 
Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


5.0 KW) 
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ELECTRONICS 


IRFR9210/9212 
IRFU9210/9212 


P-CHANNEL 


POWER MOSFETS 


oe DIODE RATINGS AND CHARACTERISTICS 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


eno 


Sroveil__ Source Current 20 

(Body Diode) 
eas Pulse Source Current(Body Diode)(3) Pulse Source Current(Body Diode)(3), — | — | -8.0| A 
| Vso Diode Forward Voltage aii — | — | =5.8 


iv [Reverse 


Notes: (1) Ty=25°C to 150°C 


Recovery Time 


}99 | 214 | ns | 1)=150°C, Ip=—2.3A, di/dt=100A/pS 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


| Modified MOSFET 
showing the integral 
_ reverse P-N junction rectifier 


Tc=25°C, Is=—2.0A, Vas=O0V 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test || 
vere -ev_ | | 


“LTal FY 
iy, 


ft 
SS 


| 
on 


| 
p 


| 
oo 


| 
Le) 


CT Tres 
: oe 


ee 


= = _ —— as —— —80 


—100 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


= —6V 


HOA 
ee 


Ae 


- Ane oe eo ee 

ee 

0 -2 -4 -6 -8 -10 -12 -14 -16 —18 —20 

Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


=| 


ELECTRONICS 


| | | | | F& 

ami _ 
80us Pulse Test = 
Vps>lp(on) X RDgion) max. ff 


a a 
a 
ny A 
a 
a 


Ip, DRAIN CURRENT (AMPERES) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


SSeS ee SS Sy ae pe _ape7egy BEB 
a i AA MH 10us 7 
50 = ee = 
en OS gl ls Tr a 
100usL Tt 


EHH EH Sa 
ee a ea aE 


fall 
a SH Si 


a Nee 


Ip, DRAIN oo (AMPERES) 


[T= 15°C maxt NTT 


PT Tanke PULSE Se 


-1.0 -2.0 -5.0 -10 -—20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


—50 -—100 —200 -—500 -—1000 
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IRFR9210/9212 
IRFU9210/9212 


P-CHANNEL 
POWER MOSFETS 


a oe x PT CTE EEE Sriti Se Sectiu emertt 
ras 

: pemitiiiec Zitat iil 

eT i oh 

STI Pow 


aon = oo oo 
tt 


A rr 
poste 
Soo 


_— | 


Zthuc(}/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


— 


pz 
ite >in ENT 
SINGLE P PULSE ( (TRANSIENT Sees 
et ee oo oe mag 


1. Duty Factor, O=— 


2. Per Unit Base= “Fec=6 4 Dep Cw. 


ti. SQUARE WAVE PULSE DURATION one 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


2.0 


| foram | Tt 
oe a 


gfs, TRANSCONDUCTANCE (SIEMENS) 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transcounductance Vs. Drain Current 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


ee eee 
xo + 
a 


— a a a Se 
a Cc a 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


4 
0 -1-2 -3 -4 -5 -6 -7 -8 -9-10-11-12 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


| CCE ae 
ERED Zee 


ttt tet tt tt 
EP bl 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


tabae 


ELECTRONICS 
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IRFR9210/9212 P-CHANNEL 
IRFU9210/9212 POWER MOSFETS 


\ et tt 
PNET ee 
NH 


a ocss| 


pi tt} tT | tT 
Net es 


C, CAPACITANCE (pF) 


Pt tT TT | feet 


100F 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


A PPE Tey 
$$ -25 
L aT —20 —30 —40 —50 0 2 4 6 8 10 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 


Ros ion) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


25 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 
: a 
< 
= 
z 
o 
= 
< 
F 16 
2 
a 
c 
Ww 
> 
° 
a 
5 8 
a 
fe) 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
344 


ELECTRONICS 


N-CHANNEL 
IRFS624/625 POWER MOSFETS 


FEATURES ae 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS624/625 


PRODUCT SUMMARY 
Part Number | Vos | Ros(on) | Ion 


ABSOLUTE it RATINGS 
—____eheretriie TT symibt [ reas Tt 


Drain-Source Voltage (1) 

Drain-Gate Voltage (Res=1.0MQ)(1) 
Gate-Source Voltage 

Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) 
Gate Current—Pulsed +1.5 


Single Pulsed Avalanche Energy (4) 83 


Avalanche Current 3.3 


Total Power Dissipation at Tc=25°C 30 
Derate above 25°C 0.24 


Operating and Storage 
Junction Temperature Range 


—55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=12mH, Vag=50V, Re=250), Starting TJ=25°C 


ELECTRONICS 


300 


N-CHANNEL 
IRFS624/625 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Sym] Chwectiie [win [yp] Was [Uni] “Tost Conaions 


BVpss | Drain-Source IRFS624| 250 | — V_ | Ves=OV, Ip=250uA 
Breakdown Voltage IRFS625| 250 | — — V 
Be Gate Threshold Voltage 2.0 | — 4.0 V Vos=Ves, Ip=250yuA 
lass_ | Gate-Source Leakage Forward — — | 100 |} nA | Ves=20V 
4 
lass | Gate-Source Leakage Reverse — — |—100] nA | Ves=-20V 
Ipss_| Zero Gate Voltage Drain Current — — | 250 | pA | Vps=Max. Ratingx0.8, Ves=OV 
— — |1000} BA | Vps=Max. Ratingx0.8, Ves=OV, Tc=125°C 
| On-State Drain- IRFS624| 3.3 | — — A | Vps24.9V 
Don) _| Source Current (2) IRFS625| 2.9} — | — | A | Ves=10V 
- + 
. Static Drain-Source IRFS624| — | — | 1.1 Q. | Ves=10V, Ip=2.1A 
DS(on) | On-State Resistance IRFS625} — | — |/1.50/ Q 
Ots Forward Transconductance (2) 1.4 | 2.1 — U | Vos250V, Ilp=1.9A 
Ciss | Input Capacitance — |390; — pF | Ves=O0V 
[ ——T 
Coss | Output Capacitance — |150 |_| pF | Vps=25V 
Crss_| Reverse Transfer Capacitance —— 50 — pF | f=1.0MHz 
ta(on) | Turn-On Delay Time — | 11 iz ns 
—— i Vop=0.5 BVoss, Ip=3.3A Zo=180) 
tr Rise Time — | 24 | 36 | NS | (MOSFET switching times are essentially 
taott) | Turn-Off Delay Time — 4 32 ns_| independent of operating temperature) 
tf Fall Time -~ | 13 20 ns 
Total Gate Charge 
Q — 15:| 22 C 
" (Gate-Source Plus Gate-Drain) | " Ves=10V, Ip=3.3A, Vps=0.8, Max. Rating 
Qys_ | Gate-Source Charge — |40!1 601 nc (Gate charge is essentially independent of 
1 1 t + operating temperature. ) 
Qga_ | Gate-Drain (‘Miller’) Charge — |7.2| 11 nC 


THERMAL RESISTANCE 


Rthuc | Junction-to-Case 


Case-to-Sink ' Mounting surface flat 
smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRFS624/625 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic “Min | Typ | Max | Units’ Test Conditions 
—|— 3.3 A 


Is Continuous Source IRFS624 


| Current (Body Diode) IRFS625 i= 2.9 A Modified MOSFET 
Ism | Pulse Source Current IRFS624/ — | — | 15 | a | Integral reverse _ 
(3) IRFS625| — | — 13 P-N junction rectifier 
} = ] 4 4 
Vsp Diode Forward Voltage —|— 1.8 V Tc=25°C, Is=3.3A, Ves=OV 
oes = i | | 
tr Reverse Recovery Time — |180|; — ns T}=25°C, IF=3.3A, dl-/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test 
Voston7lo1on)%XRosion) 
uh a 
& oc 
a Ww 
= S 
= = 
— 
ci z 
= cc 
5S a 
° 3 
z 
= z 
= = 
= Ps 
= ra) 
z : 
£ 2 
2 _ 4 6 8 10 12 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
Ves=10V Lace) 
| Vesg=6v —+ OPERATI 
Ves=7V ISL 
_ a) 
w” Ww 
Ww c 
a Ww 
a = 
= < 
= = 
~ bE 
= Zz 
pad Ww 
uJ ac 
[eg [om 
a a | 
=" S) 
Oo z 
z < 
< cc 
fed a 
Qa a 
2 = 
2 
100 200 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


347 


ELECTRONICS 


N-CHANNEL 
IRFS624/625 POWER MOSFETS 


| 
SS! ieee ———+ 


THERMAL IMPEDANCE (PER UNIT) 


| || Lyd] in : 
SINGLE PULSE TRANSIENT} +44 t+ += 1 uty Factor o= 


| THERMAL IMPEDANCE | | | tT ttt 
—T7 TTTIh | | | 


4. 


a an ol ae a 


7, ot ot ot 2 Per Unit Base=Rinjc=1.67 Deg C’W 
ie, + | |_| 3. Tym-To=Pom Zinsc (t) 


107s 5 107 2 5 10° 2 5 10° 2 5 197 2 5 1 2 5 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


ZthscityRthuc, NORMALIZED EFFECTIVE TRANSIENT 


Gts, TRANSCOUNDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


. 1 2 3 4 5 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


| Ves=10V 
ID(on) =2.5A 
0 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


, 0 
-—40 0) 40 80 120 160 -—40 0 40 8 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


N-CHANNEL 
IRFS624/625 POWER MOSFETS 


to = —--- 
Ves=OV f=1MHz 


Ciss=Cgs+Cgd, Cds Shorted 
Crss=Cgd 


Cgs Cgd 


Coss= Cds + Cgs+Cgd 


= Cds + Cgd 
i+ 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 2 4 6 8 10 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) My, TOTAL GATS SHARE (eG 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


PULSE OF 2.0us DURATION 
INITIAL T;=25°C HEATING| 
EFFECT OF 2.0us 
PULSE IS MINIMAL | 


+ 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


4 8 12 16 20 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 £160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRFS634/635 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


TO-220F 


IRFS634/635 


PRODUCT SUMMARY 
_PartNumber | Vos__|_Ros(on) | to 


IRFS634 250V 0.450, 
IRFS635 250V 0.680 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol IRFS634 IRFS635 Unit 
Drain-Source Voltage (1) | Voss 250 | 250 - — | Vde | 
Drain-Gate Voltage (Ras= 1.0Mohm)(1) | _ VoarR | 250 250 = | Vde | 
Gate-Source Voltage - _ Ves" —_ . | +20 —_ a | Vde | 
Continuous Drain Current Tc=25°C | lb | 5.5 a 4.4 | Adc _ 
Continuous Drain Current Tc=100°C : Ib 85 | 2.8 _ | Ade | 
Drain Current—Pulsed (3) | lpm | 82 | 26 a Adc _ 
Gate Current—Pulsed © ; | lon | +1.5 7 | Ade 
Single Pulsed Avalanche Energy (4). ; | Eas 90, — tem | 
Avalanche Current [ _ las | : 5.5 _| A | 
Total Power Dissipation at Tc=25°C Pp 35 Watts 
| Derate above 25°C _ _ | | 0.28 —_ W/°C | 
" dunction Temperature Rags Ty, Tstg 85101500 °c 
Maximum Lead Temp. for Soldering | t | 300 °C 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=5.5mH, Vag=50V, Rg=25N), Starting Ty=25°C 
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ELECTRONICS 


IRFS634/635 


N-CHANNEL 
POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


THERMAL RESISTANCE 


Characteristic 
BVpss_ _ Drain-Source Breakdown Voltage 
IRFS634 
IRFS635 
Vasith) | Gate Threshold Voltage 2.0 | — | 4.0 V_ | Vps=Ves, Ip=250yA 
lass Gate-Source Leakage Forward — | — | 100 | nA | Ves=20V 
lass Gate-Source Leakage Reverse — — |-—100} nA | Ves=—-20V 
Ipss Zero Gate Voltage Drain Current a — | 250 | pA | Vps=Max. Rating, Ves=OV 
| al 
— — |1000} pA | Vps=Max. Rating, Tc=125°C 
ee — = + — =} 
, On-State Drain-Source Current (2) Vps25.5V 
D(on) | |RFS634 8.1/— |] — | A | Ves=10V 
IRFS635 | 6.5 | — — 
Static Drain-Source On-State Ves=10V, Ilp=4.1A 
Rpsvon) . 
Resistance (2) 
IRFS634 — |0.40/0.45)} Q 
IRFS635 — |0.45! 0.68 
Ots Forward Transconductance (2) 2.9 — — U | Vos250V, Ip=4.1A 
t = =a at. 
Ciss Input Capacitance — | 764| — pF | Ves=OV 
Coss Output Capacitance = | 100; — pF | Vps=25V 
eis | T : 
Crss Reverse Transfer Capacitance — 32 — pF | f=1.0MHz 
tg Turn-On Delay Time — | 9.1 14 ns 
et | Vop=0.5 BVpss, In=8.1A Zo=120 
: t, Rise Time —= (MOSFET switching times are essentially 
taoft) | Turn-Off Delay Time = independent of operating temperature) 
ty Fall Time — 
Q Total Gate Charge 7 
. (Gate-Source Plus Gate-Drain) Ves=10V, Ip=8.1A, Vps=0.8, Max. Rating 
Qgs Gate-Source Charge _ (Gate charge is essentially independent of 
- + — r operating temperature.) 
Gate-Drain (‘Miller’) Charge 


Rthuc Junction-to-Case MAX 3.07 K/W 
Rthcs Case-to-Sink TYP 0.5 K/W Mounting surface flat 
smooth, and greased 
Rthua Junction-to-Ambient MAX 80 K/W Free Air Operation 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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IRFS634/635 


N-CHANNEL 


POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic [Min 


Is Continuous Source IRFS634 
Current (Body Diode) IRFS635 


Modified MOSFET 


Pulse Source Current IRFS634 
(3) IRFS635 


integral reverse 
P-N junction rectifier 


foe | Wax [Unite] et Conditions 
— 8.1 A 


Diode Forward Voltage (2) 
IRFS634 
IRFS635 


Tc=25°C, Is=8.1A, Vas=OV 


Reverse Recovery Time 


Notes: (1) Ty=25°C te 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


| Tc=25°C, Is=8.1A, Vas=OV 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us PULSE TEST 
Ss als + 


Ves=8V 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80uS PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


+ t 
80uS PULSE TEST 
Vps> Ipion) X Rosion) Max 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


; JT yy yy Coty 
OPERATION IN THIS AREA —1t 
IS LIMITED BY Rogvon) 


10yuS 


\ ——s F OOus 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 


T)=25°C, Ir=8.1A, dl—/dt=100A/uS 
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N-CHANNEL 
IRFS634/635 POWER MOSFETS 


| 
+ ++ 


pitti ti | mane 


adil 


| | __{ a pen ot hd ae oe ee es 1. Duty Factor. b=! 
SINGLE PULSE (TRANSIENT t 


a | 
THERMAL IMPEDANCE) TT TTT) FP Py yyy : = ahi oF Dae mer 
- + + + +++ + -+—- + JM~!C™F DOM &thic 


| 
10°5 5 10° 2 5 1.0"? 2 5 10° 2 5 10°! 2 5 1 2 5 +10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermai Impedance Junction-to-Case Vs. Pulse Duration 


$—+—+ +--+ 


Ztnsc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


80uS PULSE TEST 
Vps>lpion) X Rosion) Ma 


4 


+ + 444444 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


T; 
Tj 
~j 
+ 
t 
} 
T 
| 
: 4 8 12 16 20 1 2 3 4 5 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


1.25 2.5 


ine) 
2] 


3 1.05 15 
N 
al 
— 
= 
Oo 
2 0.95—- 1.0 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
© 
oO 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


0.75 ) 
-—40 0) 40 80 120 160 —40 ) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


N-CHANNEL 
IRFS634/635 POWER MOSFETS 


Ves=OV, f=1MHz 
~ +~ Ciss=Cgs+Cgd, Cds SHORTED a 
Crss=Cgd 


Cgs Cdg 


Coss=Cds+ 


T 
| Cgs+Cgd 
+ = Cds+Cgd 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Oy; TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Tr | | 
Ros(on) MEASURED WITH CURRENT 


PULSE OF 2.0uS DURATION 

(INITIAL EFFECT OF | | 

2.0uS PULSE IS MINIMAL) , 
| 


+ + + — 


Ves= 1 OV 


4 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


8 16 24 32 40 25 50 75 100 125 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRFS644/645 POWER MOSFETS 


FEATURES TO-220F 


Lower Rps (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 


IRFS644/645 


PRODUCT SUMMARY 
Part Number | Vos | Reson) | lo 


IRFS644 250V 0.280) 8.5A 
IRFS645 250V 0.340 7.4A 


ABSOLUTE MAXIMUM RATINGS 
a ae ae eee 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MM)(1) 
Gate-Source Voltage 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) | 
Gate Current—Pulsed | 
Single Pulsed Avalanche Energy (4) 


+ 
Avalanche Current | 8.5 


Total Power Dissipation at Tc=25°C 40 
Derate above 25°C 0.32 


Operating and Storage 
Junction Temperature Range 


—55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=4mH, Vaqg=50V, Re=250, Starting Ty=25°C 
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N-CHANNEL 
IRFS644/645 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteristic [Win | Typ | wax [Unis] ‘Yost Gonaions 


Drain-Source Breakdown Voltage Ves=OV, Ip=250uA 


IRFS644 -_ V 
4.0 V_ | Vps=Ves, Ip=250yuA 


IRFS645 
Gate Threshold Voltage 
nA | Ves=20V 
—100} nA | Ves=—20V 


FY Vps=Max. Rating, Ves=OV 
1000 FY Vps=Max. Rating, Tc=125° Tc=125°C 


Vps24.7V 
— A | Ves=10V 
Ves=10V, Ip=8A 
0.23 | 0.28 
0.28 | 0.34 


10.2 U_ | Vos250V, Ip=8A 
1472 pF | Ves=O0V 
190 | = | pF | Vos=25V 


nee. 
16 | 20 | ns Vpp=0.5 BVpss, Ip=14A Zo=9.10 


67 | 100 (MOSFET switching times are essentially 
53 80 | ns | independent of operating temperature) 


Vasith) 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain-Source Current (2) 
IRFS644 
IRFS645 


Static Drain-Source On-State 
Resistance (2) 

IRFS644 
IRFS645 


Forward Transconductance (2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


‘Rise Time 


Turn-Off Delay Time 


ta(off) 


Fall Time 


Total Gate Charge 


, 39 | 59 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=14A, Vps=0.8, Max. Rating 


66199 (Gate charge is essentially independent of 


operating temperature. ) 
20 | 30 


Gate-Source Charge 


Gate-Drain (‘Miller’) Charge 


Junction-to-Case 


Mounting surface flat, 


Case-to-Sink 
Smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFS644/645 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min | Typ | Max | Units Test Conditions 
Is Continuous Source IRFS644 | — 14 A 
Current (Body Diode) IRFS645| — 13 Modified MOSFET D 
ism | Pulse Source Current IRFS644) — a6 | A | Mieorelreverse 
(3) IRFS645| — 52 P-N junction rectifier Ss 
Vsp Diode Forward Voltage (2) 
IRFS644 _ 1.8 V Tc=25°C, Is=14A, Vas=OV 
IRFS645 — 1.8 Tc=25°C, Is=14A, Vas=OV 


= | - 


Reverse Recovery Time 


> (1) Ty=25°C to. 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


T)=25°C, IlF=14A, dle/dt=100A/uS 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


0) 


10 20 30 40 50 60 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Ls 


O Ee a Se 
1 2 3 4 5 
Vps, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


7 | | 
80uS PULSE TEST 


= Vos> pion) X Rpsion) max 


— OPERATION IN THIS AREA 


— |S LIMITED BY Rosion ert 


2 4 6 8 10 12 14 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


ee iS His 


ry a rN} NH 


10 102 103 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 
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N-CHANNEL 
IRFS644/645 POWER MOSFETS 


1. Duty Factor. p=! 

ae 
+— 2. Per Unit Base =Rejc= 1.67 Deg. C/W. 
3 Tyw-Tc = Pom Zeuc (t). 


ZtnscayRtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


5 107 2 5 10° 2 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


10? 


oO 


| 
+ 


| 804S PULSE TEST 
+ Vos>lpion) X Rosion) 


gfs, TRANSCONDUCTANCE (SIEMENS) 
IprR, REVERSE DRAIN CURRENT (AMPERES) 


1.0 
8 16 24 32 40 fe) 0.4 0.8 ¥.2 1.6 2.0 2.4 
lp, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


2.5 


uid 


15 


2.0 


1.05 


=< 
on 


0.95 


jo) 


Ves= 10V 


Ibves= 1 OA 


0.85 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 


fo) 
=a0 0 40 80 120 160 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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N-CHANNEL 
IRFS644/645 POWER MOSFETS 


3200 


Vos=OV, f=1MHz | a 
2400 Ciss=Cgs+Cgd, Cds SHORTED ~— 5 
Crss=Cgd => 
~ _ Cgs Cdg Ww 
‘6 | Coss=Cds+ GostCod < 
l _|=Cds+Cgd | 
W 1800 9g _ 
= > 
= Ww 
Oo & 
a 3 
<q 1200 3 
= fe) 
5 ib 
= 
< 
Oo 
600 
oO 
> 
0 
12 24 36 48 60 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rpsion) MEASURED WITH CURRENT 
PULSE OF 2.0uS DURATION 
(INITIAL EFFECT OF 2.0uS 

— SULSE IS MINIMAL) {|——4 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


15 30 45 60 75 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
IRFS730/731/732/733 POWER MOSFETS > 


FEATURES ne 


Lower Ros (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS730/731/732/733 


PRODUCT SUMMARY 


Part Number Vos Rps(on) Ip 
IRFS730 400V 1.00 3.5A 
IRFS731 350V 1.00 3.5A 

ema s | ibchielaeen Gener oe 
| IRFS/732 i 400V 1.50 3.0A 
IRFS733 350V 1.59 3.0A 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol | IRFS730 IRFS731 IRFS732 IRFS733 Unit 
| Drain-Source Voltage (1) 0 Voss | 400 | 350 | 400 | 350 | _¥dc | 
| Drain-Gate Voltage (Res=1.0MQ\(1) | Vock_-| 400 | «350 | = 400 | 350 Lo 
| Gate-Source Voltage | Vs _ #20000 iisC‘(C*:CVC 
_ Continuous Drain Current Tc=25°C | Ip | 35 | 3.5 — 3 | 3 | Adc — | 
| Continuous Drain Current Te=100"C | to e| 2 | 18 | 18 | Ade | 
|_ Drain Current—Pulsed (3) eee E:T 
Gate Current—Pulsed es ee | Ade 
__ Single Pulsed Avalanche Energy (4) _ | Eas 7 i TNE ; 7 | md 
Avalanche Current ; las 8B | A 
| Total Power Dissipation at Tc=25°C | Pp | 35 Watts 
Derate above 25°C oo et | ee 0.28 | | W/°C | 
“notion Temperature Range TBH TSO | 
Oe er ae ae 1 wun we 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30Q0us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=17mMH, Vag=50V, Re=250, Starting Ty=25°C 
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ELECTRONICS 


IRFS730/731/732/733 


N-CHANNEL 
POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic ‘Min Typ | Max |Units Test Conditions 
Drain-Source Breakdown Voltage Ves=OV, Ip=250yuA 
BVpss | IRFS730/732 400; — — V 
IRFS731/733 eet) — — 
Vesith) Gate Threshold Voltage 2.0; — 4.0 V_ | Vps=Ves, Ip=250puA 
lass _ | Gate-Source Leakage Forward [= — | 100 | nA | Ves=20V 
lass | Gate-Source Leakage Reverse _ i nA Ves=—20V 
— Zero Gate Voltage Drain Current — _ 250 | vA | Vos=Max. Rating, Ves=OV 
— — |1000 Vps=0.8Max. Rating, Tc=125°C 
On-State Drain-Source Current (2) Vps28.2V, Ves=10V 
Ip(on) | IRFS730/731 5.5) — _ A 
IRFS732/733 4.5 | = — 
Static Drain-Source On-State | 
Resistance (2) Ves=10V, Ip=3A 
Rpsion) | IRFS730/731 -/08] 1.0); Q 
[RFS732/733 — /} 1.0} 1.5 | 
GOfs Forward Transconductance (2) 2.9} 4.4 -- U_ | Vps250V, Ip=3.0A 
| Ciss Input Capacitance - a LS 780 — | pF | Ves=OV 
Coss | Output Capacitance — | 99 = pF | Vps=25V 
Miia: S Breas soci _ nf | 
Crss Reverse Transfer Capacitance — | 43 _— | pF | f=1.0MHz 
tdion) | Turn-On Delay Time — | 11 17 | ns . pe ee ‘ait GA. ane et 
= - | | DD=V. DSS, ID=9.9A, LO= 
pot Rise Time — | 19 | 29 | MS _| (MOSFET switching times are essentially 
taott) | Turn-Off Delay Time — | 47 56 ns_ | independent of operating temperature) 
sa A Mn alot. bas — | 
tf | Fall Time — | 16 | 24 ns 
= -— —_f—___—_—_-—_-_— + — = 
Total Gate Charge 
Q —/| 18 30 nC 
9 | (Gate-Source Pulse Gate-Drain) |__| Ves=10V, Ip=5.5A, Vps=0.8Max. Rating 
——— + - — | : : ‘ 
Qgs | Gate-Source Charge — | 40 _ nc (Gate charge is essentially independent of 
ae L. sh 1 operating temperature.) 
Qga | Gate-Drain (“Miller”) Charge — | 14 — nC 


THERMAL RESISTANCE 


Rthuc Junction-to-Case 


Rthcs Case-to-Sink 


Junction-to-Ambient 


Ty=25°C to 150°C 


Rthua 
Notes: (1) 
(2) 

(3) 


Mounting surface flat, 


Smooth, and greased 


Pulse test: Pulse width<300us, Duty Cyclex<2% 
Repetitive rating: Pulse width limited by max. junction temperature 


Free Air Operation 
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N-CHANNEL 
IRFS730/731/732/733 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


‘Symbol Characteristic ‘Min | Typ | Max Units: Test Conditions 


Continuous Source Current 
Is (Body Diode) 


IRFS730/731 —|— 5.5 A Modified MOSFET integral 
IRFS7 32/733 —|-—- 4.5 reverse P-N junction 
Pulse Source Current (3) rectifier 
Ism IRFS730/731 —|— 22 A 
IRFS732/733 —|— 18 
ss 
Diode Forward Voltage (2) 
Vsp IRFS7 30/731 —|— 1.8 V Tc=25°C, Is=5.5A, Vas=OV 
IRFS732/733 —|— 1.6 Tc=25°C, Is=4.5A, Vags=OV 
tr Reverse Recovery Time — } 310 660 | ns | Tj=25°C, IF=5.5A, dif/dt=100A/puS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Ves=8V 10 
| 
— ——— = ae = — 
80uS PULSE TEST 
a x 8 : Vos~lo1on)* Rosion) max _ | 
Ww ?2) 
cx Ww 
Ww c 
= a 
& : * 
Ww z 
xc WwW 
jeg c 
3 
oO 
3 0 4 
< z 
& é 
= 5 
Qa « 
~ 2 
2 
ie) fe) , 
50 100 150 200 250 300 1 5 3 4 5 6 = 
Typical Output Characteristics Typical Transfer Characteristics 
Bi | | 
“OPERATION IN THIS AREA 
aaa ime | —|S LIMITED BY Rosjon)- { ‘a + 
80uS PULSE TEST HHH 4 - 
| ul 5 
rs oh 
s. s 
< = 
& = 
ie Ww 
rs 3 
oe > 
3 re) 
z 
= = 
= =z 
= x 
S _ 
‘ a 
2 — 


; 10 100 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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N-CHANNEL 
IRFS730/731/732/733 POWER MOSFETS 


an $- + 4+ + 444+ + 
| | 


t T T rTTI —_ 1. Duty Factor p=t. 
SINGLE PULSE (TRANSIENT | | | tr 


THERMAL IMPEDANCE) aT rr) he | 2. Per Unit Base=Rmc= 1.67 Deg. C/W 
l n {4444 __| = 3. Tym—To=Pom Zinc (t) 


ZtnucityRtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10 5 10° 2 5 10° 2 5 107 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


—t— g0yuS PULSE TEST +——— 
Vps>lpion) X Rosion) Max 


ue 


gfs, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


2 4 6 8 10 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


—) 
Ke) 
oO 


0.85 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
—40 a) 40 80 120 160 —40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


363 


ELECTRONICS 


N-CHANNEL 
IRFS730/731/732/733 POWER MOSFETS 


Voes=OV, f=1MHz | 
—+—Ciss=Cgs+Cgd, Cds SHORTED - 
| Crss=Cgd 


| 
| 


Cgs Cdg 
Cgs+Cgd 
+ =Cds+Cqq 


Coss=Cds+ 


Vps=80V Th. 
Vos= 200V ~~ 


Vps=320V ~_N. 


+ 


C, CAPACITANCE (pF) 


: 
| 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


a 
= 
P 
° 
oO me 
z wy 
- va 
: ui 
” = 
< 
z _ 
S) Gi 
8 E 
> 
Ss 3 
° 2 
7) = IRFS732/733 
© }—---+— — oa oe { 
> | Rosion) MEASURED WITH CURRENT | = 
< PULSE OF 2.0uS DURATION | 2 
5 (INITIAL EFFECT OF 2.0yS_ | 
5 PULSE IS MINIMAL) | 
g —_ 7 4 
xc 
5 10 15 20 25 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFS740/741/742/743 


N-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 


Fast switching times 


Improved inductive ruggedness 


PRODUCT SUMMARY 


Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


Part Number Vos Rps(on) Ip 
IRFS740 400V 0.550 5.5A 
+ + 
_ IRFS741 350V 0.550 5.5A 
IRFS742 | 400V 0.800 4.5A 
T 
IRFS743 350V 0.800 4.5A 


ABSOLUTE MAXIMUM RATINGS 


TO-220F 


IRFS740/741/742/743 


Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


Characteristic Symbol | IRFS740 | IRFS741 | IRFS742 | IRFS743 | Unit _ 
DreinSowes Voltage (1) _ | Mos 400 | 360 400 350 | Vdc _ 
Drain-Gate Voltage (Ras=1 OMQ)(1) | VoaR 400 350 400 350 
Gate-Source Voltage . . - | Ves _ i +20 
Continuous Drain Current Tc=25°C | Ip 5.5 oo 4.5 4.5 
Continuous Drain Current Tc=100°C ID 3 3 2.0 2.5 
"Drain Current—Pulsed (3) lon 40 | 40 33 33 
Gate Current—Pulsed — - Iam ; +1.5 
Single Pulsed Avalanche Energy (4) | Eas a 157 
Avalanche Current _las 5.5 
Total Power Dissipation at Tc=25°C Pp 40 
Derate above 25°C | | 0.32 
ees Range | Td. Tg sie Ae ee 
Maximum Lead Temp. for Soldering TL 300 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=9.1mMH, Vag=50V, Re=25Q), Starting Ty=25°C 
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N-CHANNEL 
IRFS740/741/742/743 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol| Characteristic” [Win] Typ | Max [Uns] Test Conations 


Drain-Source Breakdown Voltage Ves=OV, Ip=250yuA 
IRFS740/742 
IRFS741/743 


Gate Threshold Voltage 


BVpss 


Vos=Ves, Ip=250uA 
Ves=20V 
Ves=—20V 


Vps=Max. Rating, Vas=OV 
Vps=0.8Max. Rating, Tc=125°C 


Vps28.8V, Vas=10V 


Vasith) 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain-Source Current (2) 
IRFS740/741 
IRFS742/743 


Static Drain-Source On-State 
Resistance (2) 

IRFS740/7 41 
IRFS742/743 


Ve6s=10V, Ip=5.2A 


Rpsvon) 


Forward Transconductance (2) Vps250V, Ip=5.2A 
Ves=O0V 
Vops=25V 


f=1.O0MHz 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


4 Vpp=0.5 BVpss, Ip=10A, Zo=9.10 
4) NS | (MOSFET switching times are essentially 
75 ns_| independent of operating temperature) 


Rise Time 


Turn-Off Delay Time 


ta(off) 


Fall Time 


Total Gate Charge 
(Gate-Source Pulse Gate-Drain) 


Ves=10V, Ip=10A, Vps=0.8Max. Rating 
6.0190 nc (Gate charge is essentially independent of 
21 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 


operating temperature.) 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink K/W | Mounting surface flat 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRFS740/741/742/743 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min| Typ | Max |Units Test Conditions 


Continuous Source Current 

Is (Body Diode) 
IRFS740/741 —|/|— 10 rN Modified MOSFET integral 
IRFS742/743 —|— | 8 reverse P-N junction 
Pulse Source Guyent (3) rectifier 

Ism IRFS740/741 —|— 40 A 

IRFS742/743 —|—- 32 

Diode Forward Voltage (2) 

Vsp IRFS740/741 —|—- 2.0 V Tc=25°C, Is=10A, Ves=OV 
IRFS742/743 —j|}— 1.9 Tc=25°C, Is=8A, Vas=OV 

tr Reverse Recovery Time — {|370| — ns | Tj=25°C, IF=10A, dli-/dt=100A/~uS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


25 
a 20 
ra Mi 
Ww ac 
a Ww 
> a 
< = 
<i <= 15 
‘ = 
z - 
Ww z 
fog Ww 
oa = 
a > | 80uS PULSE TEST | 
z ° 10 — Vos>lpion) X Rpsion) max ———— 
Ps F | : 
pee ra} 
[=] « 
7 a) 
5 
: | 
0) 20 40 60 80 100 120 3 10 1D 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
OPERATION IN THIS AREA +— 
-1S LIMITED BY R 5 as 
paar DS(on) : ct HIE 
a a | ae enon 
172) Ww | 
uw [oa | | | 
c Ww | | | 
on = | | | ] 
= <q =e 
q — 
= kK 
= z 
z iu 
Ww og 
x x 
cx = | 
> oO 
: z 
z < 
< rd 
ac j=} 
- 5 t 
E 2 + T,=150°C max + 
£ = a 
TRinc=1.67K/W _ | 
SINGLE PULSE —1 
i} | 
1.0 10 100 500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


N-CHANNEL 
IRFS740/741/742/743 POWER MOSFETS 


- 


men I T 1. Duty Factor. p=. 
PULSE (TRANSIENT th 


MPEDANCE) t . 2 Per Unit Base=Ryyo= 1.67 Deg. C/W 
Sea i ae 3. Tuw-To=Pom Ztnuc (t) 


ZthscitWRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10° 5 10~ 2 5 10 2 5 1G" 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


nO? 


80uS PULSE TES 
Vos>lpion) * Ros(on) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


1.0 
5 10 15 20 25 1 2 3 4 5 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


1.25 


1.15 


_ 
fo) 
a 


aah 
16)) 


o 

) 

Or 
—_ 
fo) 


0.85 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
—40 ) 40 80 120 160 —40 i) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


368 


ELECTRONICS 


IRFS740/741/7 42/743 


N-CHANNEL 
POWER MOSFETS 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


2000 


1200 


Ves=OV, f=1MHz 
| Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd 


Cgs Cdg 
Cgs+Cqgd 


+. =Cds+Cgd |? 


Coss=Cds+ 


10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


+ —— 
Rosjon) MEASURED WITH CURRENT 
PULSE OF 2.048 DURATION | 
(INITIAL EFFECT OF 2.0uS 
PULSE IS MINIMAL) 


10 20 30 40 50 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


40 80 120 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


20 40 60 80 100 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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N-CHANNEL 
IRFS830/831/832/833 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS830/831/832/833 


PRODUCT SUMMARY 
/PartNumber | Vos | Ros(on) | In| 


IRFS830 5OO0V 1.50, 3 


OA 
450V 1.50 
500V 2.00 


IRFS831 


IRFS832 


IRFS833 


ABSOLUTE MAXIMUM RATINGS 
Characteristic | Symbol | IRFS830 | IRFS831_| IRFS832 | IRFS833 | Unit _| 


Drain-Gate Voltage (Ras=1.0MQ)(1) 
Gate-Source Voltage 

Continuous Drain Current Tc=25°C 
Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 

Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 


Avalanche Current 


Total Power Dissipation at Tc=25°C 
Derate above 25°C 


Operating and Storage _ e 
Junction Temperature Range Ty, Tstg 98 to 150 C 

Maximum Lead Temp. for Soldering - 300 °C 
Purposes, 1/8” from case for 5 seconds - 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30QOus, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=25mH, Vag=50V, Rg=250), starting Tji=25°C 
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N-CHANNEL 
IRFS830/831/832/833 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) — 


Symbol] Characteristic [Win] Typ | Wax [Une] Yost Condions 


Drain-Source Breakdown Voltage Ves=OV, Ip=250yuA 
ae 


IRFS830/832 

IRFS831/833 
alee — ee ee 
css [Gaesouce Lmlape Fowad | — | = | 100 | A [veraov 
2 


Zero Gate Voltage Drain Current 250 | pA 
1000 
IRFS830/831 
0.95 
1.4 


BVpss 


Vps=Max. Rating, Ves=OV 
Vps=0.8Max. Rating, Tc=125°C 


Vps29.0V , Vas=10V 


On-State Drain-Source Current (2) 
ID(on) 
IRFS832/833 


Static Drain-Source On-State 

Resistance (2) 

IRFS830/831 

IRFS832/833 

Forward Transconductance (2) 2.5| 3. 


Ciss | Input Capacitance 
Coss | Output Capacitance 


Reverse Transfer Capacitance 


Ves=10V, Ilp=2.5A 


~ 


Rpsvon) 


; 
780 
36 


© 


=/F) wow |ynla}{nrn]— = 
Nio!] © |0/0/o0 | N on 


= TD 1/0 |B 


—_ 


ta(on) | Turn-On Delay Time 


Vpp=0.5 BVpss, Ip=4.5A, Zo=120, 
(MOSFET switching times are essentially 
independent of operating temperature) 


2) 
o 


Rise Time 


el 
=| 
= 
= 
Ee 
“ Turn-Off Delay Time = 35 
Scie 
= | 3. 
= 


Fall Time 


Total Gate Charge D4 
(Gate-Source Pulse Gate-Drain) 

Gate-Source Charge 

Gate-Drain (‘‘Miller’) Charge 


NC | Ves=10V, Ip=4.5A, Vps=0.8Max. Rating 


(Gate charge is essentially independent of 
operating temperature.) 


nC 


THERMAL RESISTANCE 


Junction-to-Case 


xa 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


cw 
K/W Mounting surface flat, 
Smooth, and greased 
Free Air Operation 
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ELECTRONICS 


N-CHANNEL 
IRFS830/831/832/833 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic [in] Typ | wax [Unite] Test Condtions 


Continuous Source Current 

Is (Body Diode) 
IRFS830/831 4.5 A Modified MOSFET integral 
IRFS832/833 4.0 reverse P-N junction 


Pulse Source Current (3) rectifier 
Ism | IRFS830/831 ig | A 
IRFS832/833 16 
Diode Forward Voltage (2) 
Vso | IRFS830/831 1.6 | V | Tc=25°C, Is=4.5A, Veg=OV 
IRFS832/833 1.5 Tc=25°C, Is=4.0A, Vag=OV 
tr | Reverse Recovery Time ns | T=25°C, Ir=4.5A, dlp/dt=100A/pS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


if a 
vr x 
= 
= < 
_ = 
: ‘ 
ra cc 
3 a 
ik rs) 
z 
a z 
s < 
= ra] 
(=) - 
a 2 
CLTETTTtrTit ey | 
100 200 300 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
5S a RE er a OS 
OPERATION IN THIS AREA 
IS LIMITED BY Rosjon) +— 
- a 
8 we? 
c Ww 
a a 
= < 10 b—— te 
< ~ as as 
~ = a ie a ae 
a 5 ae a a ey 
z wi ot_§_t 1 tial) Ue 
id = CE A 8, a 
cx 5S ee ee 2 ee 
> 5 
oO 
z 2 
Pa: © 1.0 
, - 
és o 
6 2 
2 
0.1 
1.0 2 10 20 100 200 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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N-CHANNEL 
IRFS830/831/832/833 POWER MOSFETS 


meee 
+ NOTES 
- a 


aaa 


; ~ to. 1. Duty Factor pat. 
SINGLE PULSE (TRANSIENT tb 


~ THERMAL IMPEDANCE) : : am i 2. Per Unit Base=Rmyc=1.67 Deg. C/W 
ee + = } 3. Tym-T co =Pom Zinse (t) 
a | 
1 


O° & 10* 2 5 10% 2 5s 10° 2 5 10° 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


P 


ZtnsctyRthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


i T 


+——-+ dt 


Vos>lpion) X Ros(on) max 
| 80uS PULSE TEST 


gfs, TRANSCONDUCTANCE (SIEMENS) 
Ipr, REVERSE DRAIN CURRENT (AMPERES) 


0 0.5 1 1.5 2 2.5 3 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voitage 


1.15 


GB 1.05 
Ww 
N 
5 
< 
= 
o 
2 0.95 


0.85 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


0.75 
-40 fy) 40 80 120 160 
Tj, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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N-CHANNEL 
IRFS830/831/832/833 POWER MOSFETS 


2000 


| Vegs=OV, f=1MHz 
1600 Ciss=Cgs+Cgd, Cds SHORTED 7 


400 


a 

— 

_ 

fe) 

Crss=Cgd = 

= a Cgs Cdg Ww 
re Coss=Cds+ GostCed o 
| dt Cae +C - aad 

Ww 1200 gd 5 
= | > 
< Ww 
= oO 
oO c 
< D> 
= 800 9 
7 : 
0 Ww 
= 

4 

So 

7) 

e) 

> 


10 20 30 40 50 40 80 120 160 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


| {| [| | | 


Rosion) MEASURED WITH CURRENT 
PULSE OF 2.0uS DURATION 
INITIAL T;=25°C 
(HEATING EFFECT OF 
PULSE IS MINIMAL) 


IRFS832/833 


Ip, DRAIN CURRENT (AMPERES) 


Ros ion) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


5 10 15 20 25 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 


IRFS840/841/842/843 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS840/841/842/843 


PRODUCT SUMMARY 


Part Number 
— 


IRFS840 500V 0.850 


IRFS841 450V 0.850, 


IRFS842 | 500V 1.10 


IRFS843 


ABSOLUTE MAXIMUM RATINGS 


Drain-Source Voltage (1) 500 450 500 450 

__Drain-Gate Voltage (Ras=1 -OMQ)(1) 500 450 500 450 Vde 

| Gate-Source Voltage +20 

_ Continuous Drain Current Tc=25°C 4.5 4.5 4.0 4.0 

|_Continuous Drain Current Tc=100°C 2.8 2.8 20 2.0 Adc 
Drain Current—Pulsed (3) 32 32 28 28 
Gate Current—Pulsed +15 Adc 
Single Pulsed Avalanche Energy (4) 161 mJ 
Avalanche Current 4.5 
Total Power Dissipation at Tc=25°C 40 
Derate above 25°C - 0.32 W/°C 
rae leah i Range “ee ae 1 “G 
Maximum Lead Temp. for Soldering 300 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


(4) L=14mH, Vaa=50V, Re=2500, Starting Ty=25°C 
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16) 


N-CHANNEL 
IRFS840/841/842/843 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic ‘Min Typ | Max |Units Test Conditions 
Drain-Source Breakdown Voltage Ves=OV, Ip=250uA 
BVoss | IRFS840/842 -— — V 
IRFS841/843 450 _ = | fF _ ; ; Ss 
Vasith) | Gate Threshold Voltage 20| — 4.0 V_ | Vos=Ves, Ip=250uA 
lass Gate-Source Leakage Forward — — 100 | nA | Ves=20V 
lass | Gate-Source Leakage Reverse — | — |-100/ nA | Ves=—-20V 
,; Zero Gate Voltage Drain Current —|/;- 250 | pA | Vps=Max. Rating, Veas=OV 
ion — | — | 1000 Vos=0.8Max. Rating, Tc=125°C 
On-State Drain-Source Current (2) | Vps28.8V, Ves=10V 
ID(on) | IRFS840/841 8 — — A | 
IRFS842/843 7 - — | 
Static Drain-Source On-State 
Resistance (2) Ve6s=10V, Ip=4A 
Rpsjion) | IRFS840/841 —- |0.76/0.85; Q 
IRFS842/843 i= 0.85/ 1.10 | 
Ofs Forward Transconductance (2) 4.0| 6.5 —— U | Vos250V, Ip=4A | 
Ciss Input Capacitance — |1510)| — pF | Ves=O0V 
Coss | Output Capacitance ~— | 154 — pF | Vps=25V 
Crss_ | Reverse Transfer Capacitance — | 66 — pF | f=1.0MHz 
+— + —______ — + _ 
taion) | Turn-On Delay Time — | 14 2 1 ns 
t >} + Vpp=0.5 BVpss, Ip=8A, Zo=190hm 
tr | Rise Time | —] 43 1 38 |_"S_| (MOSFET switching times are essentially 
taioft) | Turn-Off Delay Time a | £6 74 ns_ | independent of operating temperature) 
tt Fall Time — | 20 30 ns 
ssaadlhes aon — 
Total Gate Charge _ | 49 63 nC 
(Gate-Source Pulse Gate-Drain) Ves=10V, Ip=8A, Vps=0.8Max. Rating 
Gate-Source Charge _ | 6.2 | 93 nc | (Gate charge is essentially independent of 
— operating temperature.) 
Gate-Drain (‘Miller’) Charge 


Mounting surface flat, 
Smooth, and greased 


Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRFS840/841/842/843 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic ‘Min | Typ | Max |Units Test Conditions 


Continuous Source Current 
Is (Body Diode) 
IRFS840/841 
IRFS842/843 


Pulse Source Current (3) 
Ism IRFS840/841 
IRFS842/843 


Diode Forward Voltage (2) 
Vsp IRFS840/841 
IRFS842/843 


trr Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


A Modified MOSFET integral 
reverse P-N junction 
rectifier 


re 


V Tc=25°C, Is=8A, Vas=OV 
Tc=25°C, Is=7A, Ves=OV 


ns | Tj=25°C, IF=10A, dip/dt=100A/~uS 


+— —— + 

n a 80uS PULSE TEST 
Ww 
= rd Vps>lpion) X Rosion) Max 
S wi si 
= 5 
= < 
on 

— 
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IRFS840/841/842/843 


N-CHANNEL 
POWER MOSFETS 
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gfs, TRANSCONDUCTANCE (SIEMENS) 
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BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
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1. Duty Factor. p=! 


SINGLE PULSE TRANSIENT 
THERMAL IMPEDANCE 


10r9 2 
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t, . 
T 1 1 cl ee Per Unit Base=Rejc= 1.67 Deg. C/W 


4 +— 3 Tam—To=Pom Zac (t) 
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ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


16 20 


Ip, DRAIN CURRENT (AMPERES) 
Typical Transcounductance Vs. Drain Current 


—40 O 40 


Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature 


80 120 160 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


1 2 3 4 5 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 
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IRFS840/841/842/843 


N-CHANNEL 
POWER MOSFETS 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


1600 
1200 
Ves=OV, f=1MHz 
Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd 
800 + = Cgs Cdg 
Coss=Cds+ Gost oad 
| =Cds+Cgd | 
400 


10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


a MEASURED WITH CURREN 
PULSE OF 2.0uS DURATION ___ 
(INITIAL EFFECT OF 2.08 | 
PULSE IS MINIMAL) | 


5 10 15 20 25 30 35 40 45 50 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


20 40 60 80 100 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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P-CHANNEL 
IRFS9540/9541/9542/9543 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS9540/9541/9542/9543 


PRODUCT SUMMARY 
Part Number | Vos_| Ros(on) | to 


IRFS9540 


IRFS9541 


IRFS9542 


IRFS9543 


Characteristic | Symbol _| IRFS9540 | IRFS9541 | IRFS9542 | IRFS9543 | Unit _| 


Drain-Source Voltage (1) _=60 | =100 | 60 | Vde | 
Drain-Gate Voltage (Ras= 1.0MQ)(1) | -60 | 


Vide 
Gate-Source Voltage — 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc=100°C 


Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 
Avalance Current 


Total Power Dissipation at Tc=25°C 
Derate above 25°C 


Operating and Storage 
Junction Temperature Range 


0.32 


—55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


300 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=3.5mH, Vag=—25V, Rg=25N), Starting Ty=25°C 
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P-CHANNEL 
IRFS9540/9541/9542/9543 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characteiste [Win [Typ | Max [Unt] Yost Condon 


Drain-Source Breakdown Voltage Ves=OV, Ip=—250yuA 
BVpss | IRFS9540/9542 —100 V 
IRFS9541/9543 —60 
Vasith) | Gate Threshold Voltage -—2.0 —-4.0) V | Vps=Ves, lb>=—250yA 
lass_ | Gate-Source Leakage Forward _ -—100] nA | Ves=—-20V 
lass_ | Gate-Source Leakage Reverse — — 100 | nA | Ves=20V 
log Zero Gate Voltage Drain Current — — 250 | yA | Vps=Max. Rating, Ves=OV 
ae — | — } 1000 Vps=0.8Max. Rating, Tc=125°C, Ves=OV 
On-State Drain-Source Current (2) Vpos$-5.7V, Vas=—10V 
Ip(on) | IRFS9540/9541 -19} — _ A 
IRFS9542/9543 -15/; — — 
Static Drain-Source On-State 
Resistance (2) Ves=—-10V, Ip=-—10A 
Rpsvon) | IRFS9540/9541 — (0.15; 0.2 Q 
IRFS9542/9543 -- _ 0.3 
Qts | Forward Transconductance (2) 5.0 | — — lu Vos<—10V, IDpD=—-10A 
Ciss_ | Input Capacitance — |1560) — pF | Ves=O0V 
| 
Coss | Output Capacitance — | 240 _- pF | Vps=—25V 
Crss_ | Reverse Transfer Capacitance — |120 — pF | f=1.0MHz 
taion) | Turn-On Delay Time — 10 30 ns 
| Vpp=—50V, Ip=—10A, Zo=4.70 
tr | Rise Time | — | 18 | 15 | NS _| (MOSFET switching times are essentially 
taoft) | Turn-Off Delay Time _ 20 20 ns_ | independent of operating temperature) 
ty Fall Time | — 12 12 ns 
Q Total Gate Charge _ _ 90 nC 
(Gate-Source Pulse Gate-Drain) Ves=—15V, Ip=—19A, Vps=0.8Max. Rating 
Qgs_| Gate-Source Charge _ = | 30 nc (Gate charge is essentially independent of 
operating temperature.) 
Qga_ | Gate-Drain (“Miller”) Charge _ 60 nC 


THERMAL RESISTANCE 


Mounting surface flat, 
-to-Si K/W 
RthuA Junction-to-Ambient MAX / 80 | KW Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFS9540/9541/9542/9543 


P-CHANNEL 
POWER MOSFETS © 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol 


Continuous Source Current 
(Body Diode) 
IRFS9540/9541 
IRFS9542/9543 


Ism 


Pulse Source Current (3) 
IRFS9540/9541 
IRFS9542/9543 


Diode Forward Voltage (2) 
IRFS9540/9541 
IRFS9542/9543 


tr 


Notes: 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


Reverse Recovery Time 


(1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


vam 
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80yuS PULSE TEST 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


80uS PULSE TEST 
| 
Ves= -—10V 


-2 -4 -6 -8 -10 -12 -14 —18 —20 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Characteristic ‘Min | Typ | Max | Units Test Conditions 


-40 


—36 


A Modified MOSFET integral 
reverse P-N junction 
rectifier 

A 

V Tc=25°C, Is=—19A, Ves=OV 
Tc=25°C, Is=—15A, Ves=OV 

ns 


T)=25°C, IF=—19A, dl-/dt=100A/uS 


+ 4 
80uS PULSE TEST 
Vps>lpion) X Rps(on) Max 


Ip, DRAIN CURRENT (AMPERES) 
| 
no 
fo) 


—2 -4 -6 -8 -10 -12 -14 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


OPERATION IN THIS AREA LIMETED BY Ros(on) 14447] 
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Ip, DRAIN CURRENT (AMPERES) 


SINGLE PLUSE 


-—10 —100 —1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 
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IRFS9540/9541/9542/9543 


P-CHANNEL 


POWER MOSFETS 


ZtnsceyRtnsc, NORMALIZED EFFECTIVE TRANSIENT 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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1. Duty Factor. b=! 


th. 
2. Per Unit Base=Reyc=1.67 Deg. C/W. 
3. Ta-To=Pom Zeuc It). 


10°! 5 1 2 5 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


80uS PULSE TEST 
Vos>!p(on) X Rosion) max 


-10 —20 —30 —40 


Ip, DRAIN CURRENT (AMPERES) 


—50 


Typical Transcounductance Vs. Drain Current 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Source—Drain Diode Forward Voltage 


-—40 fe) 40 80 120 160 —40 0) 40 80 120 160 
Tj, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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P-CHANNEL 
IRFS9540/9541/9542/9543 POWER MOSFETS 


t 
Ves=OV, f=1MHz 
Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd 


_ Cgs Cdg 
Coss=Cds+ Cgst+Cgd 


=Cds+Cgd 


C, CAPACITANCE (pF) 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


-10 —20 -30 —40 —50 0 20 40 60 80 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


cast | | 


Ros(on) MEASURED WITH CURRENT 
0.4] —- PULSE OF 2.048 DURATION ++ 
(INITIAL EFFECT OF 2.0uS 
0.35|__ PULSE IS MINIMAL) 


IRFS9540/9541 


Ip, DRAIN CURRENT (AMPERES) 
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Power Vs. Temperature Derating Curve 
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P-CHANNEL 
IRFS9640/9641/9642/9643 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFS9640/9641/9642/9643 


PRODUCT SUMMARY 


_ Part Number Vos Rps(on) Ip 
IRFS9640 —200V 0.500 —6.2A 
IRFS9641 | —150V 0.500 | —6.2A | 

| IRFS9642 —200V | 0.700 —5.0A 
IRFS9643 = T50V 0.700 =5.0A 


Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras=1.0MQ)(1) 
Gate-Source Voltage 


Continuous Drain Current Tc=25°C 
Continuous Drain Current Tc=100°C 
Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Single Pulsed Avalanche Energy (4) 


Avalanche Current las . =—6.2 A 
Total Power Dissipation at Tc=25°C Pp 40 Watts 
Derate above 25°C 0.32 W/°C 
Operating and Storage _ 7 
Junction Temperature Range Tae Tstg we ty YOu C 
Maximum Lead Temp. for Soldering 7 
Purposes, 1/8” from case for 5 seconds Te asin C 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<30Ous, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=7mH, Vag=—50V, Re=250), Starting Ty=25°C 
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ELECTRONICS 


P-CHANNEL 
IRFS9640/9641/9642/9643 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Characteristic Units Test Conditions 
Drain-Source Breakdown Voltage Ves=OV, Ip=-—250yuA 
BVoss | IRFS9640/9642 —200} — = V 
IRES9641/9643 —150;) — _— 
| Vesith) | Gate Threshold Voltage |-2.0 — | -40 | V | Vps=Ves, Ibp=—-250yuA 
L ‘i —+- + + 
lass | Gate-Source Leakage Forward — — | —100)| nA | Ves=—-20V 
T + — 
Iass_ | Gate-Source Leakage Reverse — — 100 | nA | Ves=20V 
Zero Gate Voltage Drain Current _ — 250 | vA | Vps=Max. Rating, Vas=OV 
DSS = — | 1000 Vps=0.8Max. Rating, Tc=125°C, Ves=OV 
On-State Drain-Source Current (2) | Vos< —7.7V, Ves=—10V 
Inion) | IRFS9640/9641 —11|/ — — A 
IRFS9642/9643 -9 } — — 
Static Drain-Source On-State 
Resistance (2) Ves=—10V, Ilp=—-6.0A 
Rpsj(on) | IRFS9640/9641 —- 10.44, 05 | 0 
IRFS9642/9643 — |0.5)| 0.7 
} { == + 
Ofs Forward Transconductance (2) 4.0 | _ — U | Vos=—10V, Ibp=—-6.0A 
Ciss_ | Input Capacitance — |1 542) — pF | Ves=OV 
a 15 oat + 
Coss | Output Capacitance — | 230 — pF | Vps=—25V 
Crss_ | Reverse Transfer Capacitance — |115 — pF | f=1.0MHz 
tdion) | Turn-On Delay Time — — 30 ns 
, r Vpp=—100V, Ip=—6.0A, Z9=4.7 
tr Rise Time — 7 15 | NS _| (MOSFET switching times are essentially 
taott) | Turn-Off Delay Time _ _ | 18 ns_ | independent of operating temperature) 
ty Fall Time — — 12 ns 
| Total Gate Charge 
Qg 7 = 90 nC 
(Gate-Source Pulse Gate-Drain) | Ves=—-15V, Ip=—-11A, Vps=0.8Max. Rating 
Qgs_ | Gate-Source Charge _ _ 30 nc (Gate charge is essentially independent of 
+ + + operating temperature. ) 
Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink K/W | Mounting surface flat 
smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


386 


ELECTRONICS 


IRFS9640/9641/9642/9643 


P-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


lp, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


~40 


=35 


=30 


=—29 


—80 —100 —120 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


| 80us PULSE TEST 
+ 


-8 -10 -12 -14 -16 —18 —20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


—6 


Symbol Characteristic Min| Typ | Max |Units Test Conditions 
Continuous Source Current 
Is (Body Diode) 
IRFS9640/9641 — |} — | -11 A ‘Modified MOSFET integral 
IRFS9642/9643 —|— = reverse P-N junction 
Pulse Source Current (3) rectifier 
Ism IRFS9640/9641 —|— | -44|] A 
IRFS9642/9643 — | — | -36 
Diode Forward Voltage (2) 
Vsp IRFS9640/9641 —|— |-46] V Tc=25°C, Ils=—11A, Ves=OV 
| IRFS9642/9643 — | — |-4.4 Tc=25°C, Is=—9A, Vas=OV 
tr Reverse Recovery Time —i i 270; — ns | Tj=25°C, Ilp==—11A, dlip/dt=100A/uS 


80us PLUSE TEST 
Vpos>Ipion) X Rosion) max 


T=-55°C 


' ! 
T,=25°C 
T;=125°C 


+ +- 


Ip, DRAIN CURRENT (AMPERES) 


-2 -6 -8 -10 -12 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics 


—14 


— OPERATION IN THIS AREA 1 
— |S LIMITED BY Rosion ie 


Ip, DRAIN CURRENT (AMPERES) 


=1.0 =2.0 


[ T,=150°C max 

Rin = 1.67K/W 

SINGLE PULSE 
| 


-50 -10 -20 -50 -100 —500 —1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Maximum Safe Operating Area 
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P-CHANNEL 
IRFS9640/9641/9642/9643 POWER MOSFETS 
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Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


1. Duty Factor. O=! 
t 


is 
2. Per Unit Base=Ryjc= 1.67 Deg. C/W. 
3. Twa-To = Pom Zeuc (t). 


ZenscityRtnhuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


si 
— 
— —50 as! 
a  aceal | | 
80uS PULSE TEST rd Ll 
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-2 -4 -6 -8 -10 -12 -14 -16 -—18 —20 


Ip, DRAIN CURRENT (AMPERES) . Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


1.25 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 
—40 0) 40 80 120 160 —40 i) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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IRFS9640/9641/9642/9643 POWER MOSFETS 


Ves=OV. f=1MHz 
—+ Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd 


Cgs Cdg 
Cgs+Cgd 


Coss=Cds+ 


| 
Vos= —160V 


Vos=-100V 
Vos= —40 
+—-——+-- 


C, CAPACITANCE (pF) 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 
no 
fo) 


—25 
=10 —20 —30 —40 —50 O 20 40 60 80 100 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


| | 
+ —_t- ——— 


4 4 
IRFS9640/9641 
| 


L 


IRFS9642/964 
+ 


Ip, DRAIN CURRENT (AMPERES) 


Ros ion. DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


~10 90 —30 —40 =50 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Tc, CASE TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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IRFSZ34/35 
IRFSZ30/32 


FEATURES 


Lower Robs (ON) 

Improved inductive ruggedness 

Fast switching times © 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 

Part Number | Vos | Ros(on)_| 
IRFSZ34 
IRFSZ35 
IRFSZ30 
IRFSZ32 


ABSOLUTE ile RATINGS 
charts Tmt [rae [ares [woo [rS@e2 [unt 


N-CHANNEL 


POWER MOSFETS 


IRFSZ34/35 
IRFSZ30/32 


Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


(4) L=50uH, Vag= 25V, Re=25(), Starting Tyj=25°C 


anwneai 


ELECTRONICS 


Drain-Source Voltage (1) Voss 

Drain-Gate Voltage (Rgs=1.0MQ)(1) VpGR 60 50V Vdc 
Gate-Source Voltage | Ves { +20 Vdc 
Continuous Drain Current Tc=25°C | Ip 18.7 15.6 18.7 15.6 Adc 
Continuous Drain Current Tc=100°C Ip 13.1 11.2 13.1 11.2 Adc 
Drain Current—Pulsed (3) IDM 120 100 120 100 Adc 
Gate Current—Pulsed IGM + 1.5 Adc 
Single Pulsed Avalanche Energy (4) Eas 8 mJ 
Avalanche Current las 18.7 A 

Total Power Dissipation at Tc=25°C Pp 30 

Derate above 25°C 0.28 

— Ty Tat ~86 to 160 

Maximum Lead Temp. for Soldering TL 300 
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IRFSZ34/35 N-CHANNEL 
IRFSZ30/32 POWER MOSFETS 


—— CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic ee a ae Test Test Conditions 


ores Drain-Source IRFSZ34/35| 60 Ves=OV, Ip=250yuA 
Breakdown Voltage IRFSZ30/32| 50 


Vasith) | Gate Threshold Voltage apt tal eta V_ | Vos=Ves, lb= LV | Vps=Ves, lb=250uA 


Gate-Source Leakage Forward 
Ipss Vps=Max. Rating, Veas=OV 
Vps=0.8Max. Rating, Veas=OV, Tc=125°C 
On-State Drain- IRFSZ34/30 Vps22.1V 
D(0") | Source Current (2) IRFSZ35/32 Vas=10V 
Static Drain-Source IRFSZ34/30 Ves=10V, Ilp=18A 
Rpsvon) 


On-State Resistance IRFSZ35/32 


| gts | Forward Transconductance (2) 


Vps250V, Ip=18A 


Ciss | Input Capacitance Ves=0V 
Coss | Output Capacitance Vps=25V 
Crss_ | Reverse Transfer Capacitance f=1.O0MHz 


Turn-On Delay Time 


ns 
Vpp=0.5 BVpss, Ip=18.7A Zo=120 
Rise Time 110 ns | 


(MOSFET switching times are essentially 
<s off) | Turn-Off Delay Time ns_ | independent of operating temperature) 


ty | Fall Time 80 “ns _ 


Total Gate Charge 
(Gate-Source Plus Gate-Drain) 
| Qgs Gate-Source Charge 


Qga | Gate-Drain (“Miller”) Charge 


Ves=10V, Ip=18.7A, Vps=0.8, Max. Rating 
nC (Gate charge is essentially independent of 


operating temperature. ) 


THERMAL RESISTANCE 


Rthcs Case-to-Sink TYP 0.5 K/W Mounting surface flat 
smooth, and greased 
RthJua Junction-to-Ambient | MAX K/W Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFSZ34/35 N-CHANNEL 
IRFSZ30/32 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


_ 
Symbol! Characteristic |Min| Typ | Max | Units. Test Conditions 

Is Continuous Source IRFZ34/30, — -— 18.7 A Modified MOSFET 

| Current (Body Diode) IRFZ35/32| — — | 15.6 A integral reverse | 
Ism Pulse-Source Current IRFZ34/30, — -- 120 A P-N Junction rectifier | 
(3) hice — — 100 A 

Vso | Diode Forward volage (2) - — 1.6 V Tc= 25° S Is 30A, Ves= ov 
| ea aees —— 4 - tT 1 + —+t — 

trr Reverse Recovery Time /— — 220 | ns | T)=25° C. l-F= 30A, die/dt=100A/uS 


Notes: (1) Tj=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
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Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


ELECTRONICS 


IRFSZ34/35 N-CHANNEL 
IRFSZ30/32 POWER MOSFETS 
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Rpson), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
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ELECTRONICS 


IRFSZ34/35 N-CHANNEL 
IRFSZ30/32 POWER MOSFETS 


Ves=OV 

f=1MHZ 

~—+ Ciss=Cgs+Cgd =a 
Crss=Cgd | 


+Coss= Cds+ 


Cgs Cgd 
Cgs+Cgd 
Cds+Cgd 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


us PULSE TEST 
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Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


40 
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Pp, POWER DISSIPATION (WATTS) 


O 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFSZ44/45 N-CHANNEL 
IRFSZ40/42 POWER MOSFETS 


FEATURES TO-220F 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFSZ44/45 
IRFSZ40/42 


PRODUCT SUMMARY 


_ Part Number Vos Rps(on) Ip 
IRFSZ44. | | GOV. 0.0280 | 34.0A | 
IRFSZ45 60v |0.035Q | 30.0A 

—IRFSZ740. «| ~ SOV 0.028 0 34.0A 

— IRFSZ42. 50V 10.0352 | 30.0A_ 


ABSOLUTE MAXIMUM RATINGS 


Characteristic IRFSZ44 IRFSZ45 IRFSZ40 ~=IRFSZ42 
' Drain-Source Voltage (1) | _ a 
__Drain-Gate Voltage (Ras=1 OMQ)(1) | Voor | 60 | 50 Vdc 
_Gate-Source Voltage . 7 Ves | #20 | | __Vde 
f Continuous Drain Current Tc=25°C | ID 34.0 | 30.0 34.0 30.0 | Adc 
Continuous Drain Current Tc=100°C | Ip | 24.0 21.0 [ 24.0 | 21.0 | _ Adc 
Drain Current—Pulsed (3) lm | 120 | 100 | 120 | 100 | Adc 
Gate Current—Pulsed lem | #15 | Adc 
" Single Pulsed Avalanche Energy (4) Eas 48 | mJ 
_ Avalanche Current _ | IAS | 34 | A 
Total Power Dissipation at Tc=25°C Pp 65 Watts 
Derate above 25°C 7 | | 0.52 W/°C 
ae Range ; | Ty, Tstg | ee ae Bee | °€ 
genes A phishing — TL au - 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=50uH, Vag=25V, Re=250), Starting Ty=25°C 
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ELECTRONICS 


IRFSZ44/45 N-CHANNEL 


IRFSZ40/42 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Test Conditions 


Ves=OV, Ip=250yuA 


Vasith) | Gate Threshold Voltage Vos=Ves, Ip=250yuA 
lass_ | Gate-Source Leakage Forward _— — | 100 |} nA | Ves=20V 
Gate-Source Leakage Reverse — — |-—100} nA | Ves=—20V 


Vps=Max. Rating, Veas=OV 
Vps=0.8XMax. Rating, Ves=OV, Tc=125°C 


Vps21.2V 
Ves=10V 


Ipss_| Zero Gate Voltage Drain Current _ — | 250 | pA 
-- — |1000 

On-State Drain- 35 — — 

Source Current (2) 35 — -— 


R Static Drain-Source IRFSZ44/40| — — |0.028 Ves=10V, Ip=23A 
DS(on) | On-State Resistance IRFSZ45/42} — | — |0.035 


Forward Transconductance (2) 15 _ — Vps250V, Ip=23A 


Ciss | Input Capacitance — !2450! — pF |! Ves=OV 
Output Capacitance Vps=25V 
Reverse Transfer Capacitance f=1.O0MHz 


Turn-On Delay Time 
Rise Time 


taoft) | Turn-Off Delay Time _ 


ty | Fal Time = — 130 | ns 


Vpp=0.5 BVpss, Ip=52A Zo=9.10 
(MOSFET switching times are essentially 
independent of operating temperature) 


Total Gate Charge 


— | 100 
(Gate-Source Plus Gate-Drain) ‘id 


Ves=10V, Ip=52A, Vps=0.8, Max. Rating 
_ 24 nC (Gate charge is essentially independent of 


Gate-Source Charge 


operating temperature. ) 
Gate-Drain (‘Miller’) Charge a — 58 | nC 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink Mounting surface flat 


smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFSZ44/45 N-CHANNEL 
IRFSZ40/42 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


x | Units Test Conditions 


Modified MOSFET 
integral reverse 
P-N junction rectifier 


Continuous Source Current 
(Body Diode) 


Pulse-Source Current (3) 


Tc=25°C, Is=35A, Ves=O0V 


=25°C, IF=35A, dir/dt=100A/puS 


Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C . 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
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Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFSZ44/45 N-CHANNEL 
IRFSZ40/42 POWER MOSFETS 
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ELECTRONICS 


IRFSZ44/45 N-CHANNEL 
IRFSZ40/42 POWER MOSFETS 


Ves=OV, f=1MHz 
Ciss=Cgs + Cgd, Cds Shorted 
C,ss=Cgd 


Cgd Cgs 
Cgd+Cgs 
= Cds+Cgd 


Cyuss= Cds + 


ae to 


= “+ oe 
| 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


20 40 60 80 100» 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 
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Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRFZ14/15 N-CHANNEL 
IRFZ10/12 POWER MOSFETS 


FEATURES 


Lower Ros (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


IRFZ10/12 
IRFZ14/15 


Part Number 
IRFZ10 10A 
| | a 
IRFZ12 50V 0.300 8.3A 
L IRFZ14 | 60V 0.200 | 10A 
| | 
IRFZ15 6OV 0.320 8.3A 


MAXIMUM RATINGS 


Characteristic 


Symbol | IRFZ10 | IRFZ14 | IRFZ12 | IRFZ15 | Unit — 
50 | 60 50 60 Vde 


Drain-Source Voltage (1) Vpss 
Drain-Gate Voltage (Ras=1.0MQ)(1) [ VpcR 50 | 60 50 | 60 Vdc 
Gate-Source Voltage | Ves 
Continuous Drain Current Tc=25°C Ip 10 8.3 | Adc 
Continuous Drain Current Tc=100°C | Ip 1.2 5.8 Adc 
Drain Current—Pulsed (3) | IDM 40 33 | Adc 
Gate Current—Pulsed Iam #15 | Adc | 
Single Pulsed Avalanch Energy (4) | Eas 2.2 mJ 
Avalanche Current las | 10 | A | 
Total Power Dissipation at Tc=25°C | Pp | 42 | Watts 
| Derate above 25°C 0.29 4 W/°C 
eratin tor 
as fe haat Range | Ty, Tetg =2e 18 TPS | “"G 
Maximum Lead Temp. for Soldering TL 300 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cyclex<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=50yH, Vag=25V, Rg=25Q, Starting Ty=25°C 
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ELECTRONICS 


IRFZ10/12 N-CHANNEL 
IRFZ14/15 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol] Characters | Win | yp] Max [Unt] “Yost Condtons 


Drain-Source Breakdown Voltage Ves=OV, Ip>=—250puA 
BVpss | IRFZ10/12 50 — — 
IRFZ14/15 60 — 


Gate Threshold Voltage 2.0 | — Vos=Ves, Ip=250yuA 


Gate-Source Leakage Forward — ~ Ves=20V 
Gate-Source Leakage Reverse — — |—100] nA | Ves=—20V 


Zero Gate Voltage Drain Current — — | 250 Vps=Max. Rating, Veas=OV 
Vps=0.8 XMax. Rating, Ves=OV, Tc=150°C 


= 


VGS(th) 


lass 


On-State Drain-Source Current (2) 
IRFZ10 10 — — 
IRFZ14 


IRFZ12/IRFZ15 8.3 | — — 
Static Drain-Source IRFZ10| — {|0.15] 0.20 


Vos23V, Ves=10V 


-State Resistance IRFZ14 
: On-State Resistan Ves=10V, Ip=5.8A 
PS(on) | IRFZ12/IRFZ15 - 0.30 
Ofs Forward Transconductance (2) 2.4 _ U_ | Vos250V, Ip=5.8A 
Ciss | Input Capacitance — |358; — pF | Ves=OV 
Coss | Output Capacitance — |134) — pF | Vps=25V 
Crss_ | Reverse Transfer Capacitance _ 55 — pF | f=1.0MHz 
Turn-On Delay Time — — 15 ns 
— Vpp=0.5 BVpss, Ip=10A, Zo=24N 
tr | Rise Time — — | 75 | nS | (MOSFET switching times are essentially 
ta(ott) | Turn-Off Delay Time _ | — | 20 | ng | independent of operating temperature) 
ty Fall Time — _ 29 ns 
t t 
Q Total Gate Charge _ _ 12 nC 
9 (Gate-Source Pulse Gate-Drain) Ves=10V, Ip=10A, Vps=0.8Max. Rating 
Sto Scuve Bias — | — | 31 | nc | (Gate charge is essentially independent of 
—— operating temperature. ) 
Qga | Gate-Drain (“Miller”) Charge -— — | 5.8 ; nc 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cyclex2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFZ10/12 N-CHANNEL 
IRF2Z14/15 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol] Charactreie | Win] Typ | Max [Unite 
Is 


Test Conditions 


Modified MOSFET 
integral reverse 
P-N junction rectifier 


Continuous Source Current 
(Body Diode) 


Pulse-Source Current (3) 


Tc=25°C, Is=10A, Ves=OV 
T)=25°C, IF=35A, dle/dt=100A/uS 


Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<x2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


20 
80us Pulse Test 80us Pulse Test 
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Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRF2Z14/15 N-CHANNEL 
IRFZ10/12 POWER MOSFETS 


SINGLE PULSE TRANSIENT—+— +— +. uy eet, Dat. 

THERMAL IMPEDANCE | | | | | | | t, 

‘a a a | — TH 2. Per Unit Base=Rmyc=1 67 Deg C/W 
- = 3. Tyw-Te=Pom Zmnuc (t) 


Zthyc(t/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


o-s 5 107 2 5 10° 2 5 107 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Grs, TRANSCOUNDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


jf 
PCCEee 


@) 0.5 1.0 15 2.0 2.5 3.0 
Ip, DRAIN. CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 
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Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.75 
40 -40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFZ10/12 N-CHANNEL 
IRF2Z14/15 POWER MOSFETS 


1000 
Ves=OV, f=1MHz 
Ciss=Cgs + Cgd Cds Shorted 
_ Cgs Cgd oe 
Coss= Cds + CostCod 2 
ick = Cds + Cgd re} 
> 
Css = Cgd ~ 
ios | ane Sane Meneame Seat ws 
re 
s a 
w 600F = 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE Ace oe 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


IRFZ15/12 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


10 20 30 40 50 25 50 75 100 125 150 175 


Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


100 120 140 = 180 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRF2Z24/Z25 N-CHANNEL 
IRFZ20/Z22 POWER MOSFETS 


FEATURES 


Lower Robs (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFZ24/Z25 
IRFZ20/Z22 


PRODUCT SUMMARY 

Part Number | Vos | Ros(on) | lo 
IRFZ20 
IRFZ22 
IRFZ24 
IRFZ25 


ABSOLUTE MAXIMUM RATINGS 
/__Charecterite _{ Symbot | _nrz20_|_inrzae | przes | 1nF225 | Unit_| 


Drain-Source Voltage (1) Voss 
Drain-Gate Voltage (Res=1.0MQ)(1) VpaR 50 | 60 Vdc 
Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc=25°C | Ip | 18 14 15 14 Adc 
Continuous Drain Current Tc=100°C Fp 10 9g 10 fe) Adc 
Drain Current—Pulsed (3) | Ip | «60 56 | «60 56 Adc 
low +1.5 Adc 
9.5 mJ 
Avalanche Current las 15 A 
Total Power Dissipation at Tc=25°C Pp 40 Watts 
Derate above 25°C 0.32 W/°C 


Operating and Storage 
Junction Temperature Range 


Ty, Tstg —55 to 175 °C 


Maximum Lead Temp. for Soldering t 300 °C 
Purposes, 1/8” from case for 5 seconds | t 
Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


(4) L=100uH, Vag=25V, Re=25N), Starting Ty=25°C 
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ELECTRONICS 


IRFZ24/225 N-CHANNEL 
IRFZ20/Z22 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


eros [in| [os ntl Tes nts 


Breakdown Voltage IRFZ20/Z22 


Drain-Source IRFZ24/Z25 Ves=0V, Ip=250pA 


Vasith) | Gate Threshold Voltage 2.0 4.0 | V | Vos=Ves, Ib=250puA 
Gate-Source Leakage Forward _ — 100 | nA | Ves=20V 
Gate-Source Leakage Reverse — — |-—100} nA | Ves=—-20V 
Ipss_| Zero Gate Voltage Drain Current a — | 250 | pA | Vps=Max. Rating, Vas=OV 
— — |1000 Vps=0.8Max. Rating, Vas=OV, Tc=150°C 
' On-State Drain- IRFZ20/Z24,; 15 — — A | Vps21.8V 
D(on)_| Source Current (2) IRFZ22/Z25| 14 | — | — | A | Vgs=10V 
R Static Drain-Source  IRFZ20/Z24 0.08/0.10} Q) | Ves=10V, Ipb=9.0A 
DS(on) | On-State Resistance IRFZ22/Z25 — |0.12 
Ofs Forward Transconductance (2) 5.6 | 6.1 — U_ | Vos>Rops XIpion), Ip>=9.0A 
Ciss | Input Capacitance — | 635 a pF | Ves=OV 


Vos=25V 
f=1.0MHz 


Coss | Output Capacitance _ 


Reverse Transfer Capacitance _ 


Turn-On Delay Time — 
Vpp=0.5 BVpss, Ip=9.0A Zo=50N 


(MOSFET switching times are essentially 
independent of operating temperature) 


Rise Time = 


taoft) | Turn-Off Delay Time _ 


ts Fall Time a _ 30 ns 


Q Total Gate Charge = _ 17 nC 
9 | (Gate-Source Plus Gate-Drain) Ves=10V, Ip=9.0A, Vps=0.8, Max. Rating 


nC (Gate charge is essentially independent of 


Qgs | Gate-Source Charge — — | 7.5 


operating temperature. ) 
| Sigae_| Gate-Drain (‘Miller’) Charge Les | _ 18 | nc 


THERMAL RESISTANCE 


Rthuc Junction-to-Case 


Mounting surface flat, 


Rtnhcs Case-to-Sink 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Smooth, and greased 
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ELECTRONICS 


IRFZ24/Z25 N-CHANNEL 
IRFZ20/Z22 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbei| _Gharactertioc [Win] Typ | Wax [Unis] ‘Test Gonditons 
Is 


Continuous Source Current 15 A Modified MOSFET 
integral reverse 


(Body Diode) 
A | P-N junction rectifier 


Pulse-Source Current 


Diode Forward Voltage 


V_ | Tco=25°C, Is=15A, Vag=0V 
| Tc S GS 
T;=25°C, Ie=15A, dir/dt=100A/pS 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<3OOus, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


a a ; 
Ww ” 
& = = 
S = 
< = < 
—_ 
z - 
va Ww 
oC cx 
> = 
3) 
a z 
rs = 
a bd 
(=) 
: - 7 
10 20 30 40 50 60 2 4 6 8 10 112 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
a n 
7) Ww 
Ww c 
a Ww 
2 S 
= 
= < 
— i 
= z 
2 Ww 
WW c 
c ec 
ac =] 
a) rs) 
oO z 
z < 
< a ; 
- 5 mn Capes 
= PS ——e H 
5 2 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFZ24/2Z25 N-CHANNEL 
IRF 220/222 POWER MOSFETS 


: | toh ep 
| 


+++ SINGLE PULSE TRANSIENT +— ) ! ) 1 Duty Factor o= 
|| THERMAL IMPEDANCE | 
tyr Ete 


| 
th | 


4+— 2 Per Unit Base=Rrjc= 167 Deg C/W | 
+ 3) Tim-To=Pom Zinsc (t) | 


2 3 | 
10°75 5 10° 2 5 10 3 2 5 107 2 5 10° 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


t 
| 


ZthucitYRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


je) 


Gres, TRANSCOUNDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


80us Pulse Test | 


Vos>lpion) * Rosion) Max 
| 
| 10 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


_ 
fo) 
QO 


=) 
oO 
oO 


0.85 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


oO 
N 
oO 


“TS 90 250 0 25 50 75 100 125 150 175 -75-50 -25 0 25 60 75 100 125 150 175 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFZ24/Z25 N-CHANNEL 
IRFZ20/Z22 POWER MOSFETS 


Ves= OV f=1MHz | 
C\s;=Cgs+Cgd, Cds Shorted 
Crss=Cgd | 

Cgs Cgd —+ 
“‘Cgs+Cgd 
= Cds + Cgd 


Coss= Cds + 


C, CAPACITANCE (pF) 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


O 5 10 Us 20 25 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gy, TOTAL GATE Ertan (ac) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


0.20 


0.15 


| 


IRFZ2 


= 


IRFZ22/2 


Ip, DRAIN CURRENT (AMPERES) 


0.05 


Ros (on. DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


9) 
10 20 30 40 50 30 60 90 120 150 180 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMP.AATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


50 100 150 200 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
POWER MOSFETS 


IRF2Z34/35 
IRFZ30/32 


FEATURES 


Lower Ros (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFZ34/35 
IRFZ30/32 


PRODUCT SUMMARY 


Part Number 
IRFZ34 

IRFZ35 
-IRFZ30 
IRFZ32 


ABSOLUTE MAXIMUM RATINGS 


Notes: (1) Ty=25°C to 175°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


Characteristic 

Drain-Source Voltage (1) 60 50 Vdc 
Drain-Gate Voltage (Rgs=1.0MQ)(1) 

| Gate-Source Voltage 

Continuous Drain Current Tc=25°C : 

| Continuous Drain Current Tc=100°C Ip 21 18 21 18 Adc 
Drain Current—Pulsed (3) | lpm | 120 | 100 120 100 Adc 
Gate Current—Pulsed | lem, +1.5 | Ade 
Single Pulsed Avalanche Energy (4) Eas 19 mJ 
Avalanche Current | las | 30 | A 
Total Power Dissipation at Tc=25°C Pp 90 Watts 
Derate above 25°C | 0.60 W/°C 
ie Ty Tat -85 to 175°C E 
Maximum Lead Temp. for Soldering Tr | 300 °C 

Purposes, 1/8" from case for 5 seconds 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=50uH, Vag=25V, RG=250), Starting Ty=25°C 


prenenonad 


ELECTRONICS 
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IRFZ34/35 N-CHANNEL 
IRF 230/32 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Sinto|___wowoie [wn [op [te] Tet conten 


BVpss | Drain-Source IRFZ34/35| 60 Ves=OV, ip=250uA 
Breakdown Voltage IRFZ30/32 


Gate Threshold Voltage Vos=Ves, Ip=250puA 


Ves=+20V 


VGS\th) 


Iass_ | Gate-Source Leakage Forward — 


Ves=—20V 


Vps=Max. Rating, Ves=OV 
| Vps=0.8 XMax. Rating, Ves=OV, Tc=150°C 


Vps22.1V 
Vegs=10V 


af 
Ves=10V, Ip=18A 


peoemy IDpD=18A 

Vas=O0V 
Vos=25V 
f=1.O0MHz 


lass | Gate-Source Leakage Reverse — 


Ipss_| Zero Gate Voltage Drain Current — 


On-State Drain- IRFZ34/30| 30 | 


ID(0n)_| Source Current (2) IRFZ35/32| 25 


R Static Drain-Source IRFZ34/30| — 
DS(ON) | On-State Resistance IRFZ35/32| — 


Ots Forward Transconductance (2) 9.3 


Ciss | Input Capacitance — 


| 
— | Output Capacitance | = 


Crss_ | Reverse Transfer Capacitance — 


t Turn-On Delay Time — 
| ater) : Vop=0.5 BVoss, Ip>=30A Zo=120 


(MOSFET switching times are essentially 
independent of overating temperature) 


tr Rise Time —_ 


tajoft) | Turn-Off Delay Time — 
tf Fall Time | — 


Q Total Gate Charge = 
9 | (Gate-Source Plus Gate-Drain) Ves=10V, Ip=30A, Vps=0.8, Max. Rating 
Qgs_| Gate-Source Charge ‘a (Gate charge is essentially independent of 
operating temperature. ) 
Gate-Drain (‘‘Miller’) Charge 


THERMAL RESISTANCE 


Junction-to-Case 


Rthcs Case-to-Sink Mounting surface flat 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFZ34/35 
IRFZ30/32 


N-CHANNEL 
POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Test Conditions 


Symbol Characteristic Min | 
Is 


Continuous Source IRFZ34/30| — = : Modified MOSFET 
Current (Body Diode) IRFZ35/32| — — integral reverse 
Ism Pulse-Source Current IRFZ34/30; — | — 120 A P-N junction rectifier 
(3) IRFZ35/32 | — _— 100 A 
Vsp Diode Forward Voltage (2) — — 1.6 V Tc=25°C, Is=30A, Vas=OV 
tr Reverse Recovery Time — — 220 ns T)=25°C, Ir=30A, dir/dt=100A/uS 


Notes: (1) Ty=25°C to 175°C 


(2) Pulse test: Pulse width<300us, Duty Cycle<3% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


80us PUL 


80us PULSE TEST 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


~_ae 
WN 


2 4 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


1 


TE INUIT 


Hh ENS 


= 
ll 
we) 
a 
° 
Ss) 


Typical Transfer Characteristics 


OPERATION IN THIS AREA 


LIMITED BY Rosvon 


) 


2 5 10 20 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Maximum 


Safe Operating Area 


ELECTRONICS 
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IRFZ34/35 N-CHANNEL 
IRF2Z30/32 POWER MOSFETS 


SE Bilis 1. Duty Factor p=! 
INGLE PULSE 


i (THERMAL RESPONSE) 2. Per Unit Base=Ryjc= 1.67 Deg. C/W i 
0.01 : 
1075 5 10° 2 5 10 3 2 5 107? 2 5 10°! 2 5 1 2 5 10 


t1. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


2 eee | 
Ie mam, \'\! 
rT 
aa 


ZtnscityRthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Tj 
a Cae Cee 
ee Geese aa ro Lee 


Grs, TRANSCOUNDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


WT 
ae 
Ee 


10 20 30 40 50 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


ap a 
pean 


(NORMALIZED) 


ERE 
Tit tT 
ptt ty ty 


BVpss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
‘ (NORMALIZED) 


7 
-60-40-20 0O 20 40 60 80 100120 140 160 180 -60-40 -20 0 20 40 60 80 100120140 160 180 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFZ34/35 N-CHANNEL 
IRFZ30/32 POWER MOSFETS 


2500 ) 
Ves=0V 
f=1MHZ 
Ciss=Cgs+Cgd — 
| Crss=Cgd a 
| 
2000 Coss Cgs+ _Cgs Cgd_ (e) 
\ Cgs+Cgd = 
= Cds+C Ww 
G P| < 
a 
ves L | 3 
z |\ 
: : 
oO 
| 
: ; 
& 1000 ° 
: 
S) fF 
- 
< 
Oo 
500 é 
> 
0 
10 20 30 40 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Gy, TOTAL GATE CHARGE (nt) . 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


“ANE TE 

= a 
ANG 
= >. - 
2 TREES 

” 
< w ie = = N 
z ep Tet AAS 
a = 
2 Z 18 >.< IN 
z e (tt Tt | AAN 
ro) Ww >» J 
a = ] 
= oO 12 
° z 
” — 
fe) Pa 
7 a 
z a 
a a) 
ea 6 
(=) 
§ 
3 
. aa 

) 
30 60 90 120 150 25 50 75 100 126 150 175 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


20 40 60 80 100 120 140 160 180 200 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


IRF2Z44/45 N-CHANNEL 
IRFZ40/42 POWER MOSFETS 


FEATURES 


Lower Ros (on) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


IRFZ44/IRFZ45 
IRFZ40/IRFZ42 


PRODUCT SUMMARY 


Part Number Vos Rps(on) Ip 
IRFZ44 60V. | 0.0280 354 | 
nFz4s | 6ov | oo3sn | 365A 

| inrzao =| «SC sov. «| oo2zan 35A 
IRFZ42 50v | 0.0350 35A 


* Current limited by wire & pin diameter 


MAXIMUM RATINGS 


Characteristic IRFZ44 IRFZ42 
Drain-Source Voltage (1) | Voss 
Drain-Gate Voltage (Ras=1.0MQ)(1) | _VoarR 
Gate-Source Voltage Ves 
Continuous Drain Current Tc=25°C . Ip 
Continuous Drain Current Tc=100°C ID 
Drain Current—Pulsed (3) lpm 
Gate Current—Pulsed lam 
Single Pulsed Avalanche Energy (4) Eas 
Avalanche Current | las 
Total Power Dissipation at Tc=25°C Pp 150 
Derate above 25°C | 1.2 
ee acetic Range Ty, Tstg | ee TE 
Maximum Lead Temp. for Soldering i 300 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cyclex<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=50uH, Vag=25V, Re=250), Starting Ty=25°C 
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ELECTRONICS 


IRFZ44/45 N-CHANNEL 
IRF 240/42 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol Character | win [Typ | wax [ints] Test Conations 


Drain-Source Breakdown Voltage Ves=OV, Ip=250yuA 
IRFZ44/45 
IRFZ40/42 


Vesith) | Gate Threshold Voltage 
lass | Gate-Source Leakage Forward 


+— 


BVpss 


= 


V | Vps=Ves, !lp=250yuA 
nA | Ves=20V 


1 Iass_ | Gate-Source Leakage Reverse 


uA | Vps=Max. Rating Veas=OV 
uA | Vps=0.8Max. Rating, Veas=OV, Tc=150°C 


A | Vps21.2V VGS=10V 
Q 


| 
Ipnss_| Zero Gate Voltage Drain Current 


Ib(on) | On-State Drain-Source Current (2) 


ian a 
Static Drain-Source IRFZ44/40 
On-State Resistance IRFZ45/42 


Rpsvon) 


Ves=10V, Ip=33A 
UO | Vos250V, Ip=33A 
pF | Ves=O0V 
pF | Vps=25V 
f=1.0MHz 


Forward Transconductance (2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Vpp=0.5 BVpss, Ip=52A, Zo=9.10 
(MOSFET switching times are essentially 
independent of operating temperature) 


Rise Time 


Turn-Off Delay Time 


ta(off) 


Fall Time 


Total Gate Charge 
(Gate-Source Pulse Gate-Drain) 


Ves=10V, Ip=52A, Vps=0.8Max. Rating 
(Gate charge is essentially independent of 
operating temperature. ) 


Gate-Source Charge 
Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


Rthuc | Junction-to-Case 


Rthcs | Case-to-Sink TYP 


+ 


K/W | Mounting surface flat 
smooth, and greased 


Rthua Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRFZ44/45 N-CHANNEL 
IRF 240/42 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


— 


Symbol Characteristic Min Typ | Max | Units Test Conditions 
— 
Is | Continuous Source IRFZ44/40; — | — 35 A Modified MOSFET 
| Current (Body Diode) IRFZ45/42,; — | — | 35 A integral reverse 
+ - - = T = — TT 7 - . ag 
Ism | Pulse-Source Current IRFZ44/40) — | — | 210 | a | P-N junction rectifier 
(3) IRFZ45/42, — | — | 190 | A | 
! + - SScECEREEEEST (AGERE REINS EE seers . — - 
Vsp Diode Forward Voltage All [oa _— 2.0 V Tc=25°C, Is=35A, Veg=OV 
ter Reverse Recovery Time — {| — | 200 | Ae T}=25°C, Ir=35A, dle/dt=100A/uS 


Notes: (1) Ty=25°C'to 175°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


80us Pulse Test Vps>lpion) X Rosjon)max 
[a 80us Pulse Test 
Ves=8V 
- _ | 
cr vi 
Ww c 
a Ww 
= 5 
< < 
ai rs 
ac Ww 
x ac 
3 5 
z = 
z = 
& Ps 
S ra} 
a - 
~ 2 
6 12 18 24 30 36 2 4 6 8 10 12 14 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
228 ] om ee 
Ous Pulse Test ioe OPERATION IN THIS AREA —{- 
+ —= TTT LIMITED BY Rosion) {1 
tT WH 
= IRFZ44/40} | 
si 7) 1 | 
7) Ww ry 
Ww ea l |] 
x Ww | |} 
Ny a SRE 
= m ins 100yuS 
< 5 [ al + . Et on 
z Ww IRFZ44/40 | 1 
rd & Litt 
ie B ms 
> o_ 
e ro | | 
z < 
¢ s . 
rt z ms 
« 2 
2 
@) 
0.5 1.0 1.5 2.0 2.5 10? 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


IRFZ44/45 N-CHANNEL 
IRFZ40/42 POWER MOSFETS 


— 


| 
| 
t 


titit| |_| _ ores 


| | a ee {| titty Pasi 

+ + +——+—+ — + +$—+—++ + _ t 

+ + + be Sey oe ee ee + $+ -+ +--+ - 

| | 
| 


aane. 
ke 


= t 

ry yl Duty Factor. b=! 

THERMAL IMPEDANCE) | | | uty Factor : 
to | rH it i Fi cae om TH : Per Unit Base=Rmjc=1.67 Deg. C/W 


| | | Tyw—Tc=Popm Zinc (t 
+ += : - — =e 3. Tym—Tco=Pom Zinc (t) 


Ztnscit/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10°: 5 10° 2 5 10% 2 5 10? 2 5 10°! 2 5 1 2 3: 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Pere 
“thane 
—— 


Tj=175°C 


20 


T,=175°C 


~ + 


Gts, TRANSCOUNDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ous Pulse Test 
pS> pion) X Rosjon) 


Vps>lpion) X Rosionjmax 
80us Pulse Test 


0 30 40 60 BO 100 0 0.8 1.6 2.4 3.2 4.0 4.8 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


B 1.05 o 
ne} N 
= = 
al 

< S 
= a 
5 95 (2) 
z° < 


0.85 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


0.75 
=75 —S0 —25 0 25 50 75 100 125 150 175 


—-75 -50 -25 6G 25 50 YS 100 125 150 175 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


IRFZ44/45 N-CHANNEL 
IRFZ40/42 POWER MOSFETS 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) C, CAPACITANCE (pF) 


Pp, POWER DISSIPATION (WATTS) 


0.05 


0.04 


0.03 


0.02 


0.01 


| Ves=OV 

+f=1MHz + t fie. 4 
| Ci\ss;=Cgs + Cgd, Cds Shorted 
| Crss=Cgd 


Cgd Cgs 
Cgd+Cgs 
= Cds + Cad 


Cyuss= Cds + 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


10 20 30 40 50 20 40 60 80 100 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


80us Pulse Test 


= + + 


a 

Ww 

c 

Ww 

a 

= 

= 

— Limited by Package 

Ww —+ + + 

c 

c 

> 

rs) 

< 

< 

ac 

a 

x) 

40 80 120 160 200 30 60 90 120 150 180 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


50 100 150 200 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
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ELECTRONICS 


N-CHANNEL 
SSH10N70 POWER MOSFETS 


FEATURES 


Lower Robs (oN) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


SSH10N70 


PRODUCT SUMMARY 
rime i! 


MAXIMUM RATINGS 


fence | snow | oo 
700 Vdc 


Drain-Gate Voltage (Res= 1.0M2)(1) 
Gate-Source Voltage Vde 


Drain Current—Pulsed (3) 


Gate Current—Pulsed 


Total Power Dissipation @ Tc=25°C 
Derate above 25°C 
—55 fo 150 
Maximum Lead Temp. for Soldering ; 
Purposes, 1/8” from case for 5 seconds avo 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=15mH, Vagg=50V, Rg=250, starting Tj=25°C 


ELECTRONICS 


N-CHANNEL 
SSH10N70 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol| Characteristic =| Min| Typ | Max Units Test Conditions 


BVpss | Drain-Source Breakdown Voltage {700} — —_ V Vas=OV 
- Ip=250uA 


Vasith) | Gate Threshold Voltage 2.00; — | 4.5 V_ | Vos=Ves, Ip=1mA 


lass_ | Gate-Source Leakage Forward — | — | 100 | nA | Ves=20V 


lass_ | Gate-Source Leakage Reverse — | — |-—100] nA | Ves=—-20V 


ines Zero Gate Voltage Vos=Max. Rating, Vas=OV 


Drain Current 


oon | OnStat Oran-Source Curent (2) 100) — | — 
weer” |-|-[oe 
Resistance (2) A (4) 

a 
on | Forward Transconductance (2) 7.0] — | — | U |VosbS0Vbr80A 
Cun [Input Capactance | — (9678) — | 
com [Output Capactence =| — |20a) — 
Gos | Reverse Transter Capacitance | — [a16| — | pF 
tae [Tum-on Delay Time | = | — | 180. 
Jt [RiseTime | = | = | 280 | as | 
tao | Tum-Off Delay Time | = | = | 630 | ns 
ratme | = | 20 | ne 


Total Gate Charge _ 240 | nC 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=13A, Vps= 0.8 Max. Rating 


| ee | Gate-Source Charge /—|— | 80 | nc. | (Gate charge is essentially independent of 
operating temperature. ) 
Gate-Drain (‘‘Miller’’) Charge /—| — | 160 | nc_ 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
(4) For ultra low “A” Rosjon), device add “A” suffix to part number 


Ves=OV, Vps=25V, f=1MHz 


Vpp=0.5BVpss, Ip=5.0A, Zo=4.70 
(MCSFET switching times are essentially 
independent of operating temperature) 


THERMAL RESISTANCE 


Case-to-Sink 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


0.24 K/W | Mounting surface flat, 
smooth, and greased 


Free Air Operation 
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ELECTRONICS 


N-CHANNEL 
SSH10N70 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Characteristic ele Se fe 
Sento __ Source Current 
(Body Diode) 

Is | Pulse Source "Pulse Source Current(Body Diode)(3) Diode)(3) "Pulse Source Current(Body Diode)(3)| — | — | 40 | A_ 


ca Forward Voltage (2) f—|=—|as| ¥ 
Reverse Recovery Time haat ota 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Test Conditions 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier 


Tc=25°C, Is=10A, Ves=O0V 
T)=150°C, IF=10A, dir/dt=100A/uS 


oe | | -— Ves = 10V en ‘aon TEST 
A =e 9V 80ys Pulse Test 
fT oe a i en » ll alias ae 
“LI f 
g [ A | 
cc a w 
u AE ui 
24 a 
= = 
= < 
= = 
2 - 
s IT 
x 18 i iva 
> c 
oO =] 
= OE CES z 
e 12 < 
* Weld HH- : 
. a 
Ss ‘ 
Pi; tT ttt yt tty 7 
mim =e Lal 
FEEEFEE Ves=5V 
‘ 25 aS ee aA SS 
100 200 300 400 0 2 4 6 8 10 12 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
1 
Pr 00 
80us PULSE TEST 
50|-— 
. @ ath 
WwW 
WwW a 
: : pis i 
s 10 . 
< < T 1 OQus 
E e 650 Pp ! 
Ww 
a = p—j tt tT TN | | {{ 1ms 
5 3 oo | [Ie I TTIN NU 
z 
Zz = \ \ 
< b=! 1.0 mei HL HHIIIN Bul oe 
= Qa . = 
J 4 rae Sa = 
6 s 
4 0.5f——T TTI Htigoms 
oof — ie 
0.1 
) 10 20 30 40 50 60 70 g0 90 100 10 20 50 10 20 50 100 200 500 1000 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


N-CHANNEL 
SSH10N70 POWER MOSFETS 


—— 
05 Pappas Sancti ennai eS enti eer 
ST oo PTT Pert 
TT TT TT TTT | er TT 


SETTLE > TTT 
. PT TTL. i Fi; iil | 


fomwy ITU Tt | I _ | {tt TCE P 
D=0.1 —— => zal 


7 Ree Ge Ge ee ee 
=... . iS a oo ——coo—<—— om Beef aee eS Seat 
D=0.05 nr Reese <a SS a acca ee a a PS Ca A 0 


Sees enantiee—ael ii SINGLE PULSE (TRANSIENT oa 


; Hints 
pra | | THERMAL IMPEDANCE) im ime 
pecceeeey tM Temi 
eat &. Tae“ Fo Pian Zeit: Uh all 


10° 5 10 2 5 107? 10 


ti. SQUARE WAVE PULSE ane aniecaciat 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


THERMAL IMPEDANCE (PER UNIT) 
So 
Le) 


1. Duty Factor, p= 
t 


2. Per Unit Base =Rmic= 0.83 Deg. C/W. il 


ZthacttRehac, NORMALIZED EFFECTIVE TRANSIENT 


80us PULSE TEST 
Vps>lovon) x Rosionymax 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


1.25 


TTS 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


—~40 0 40 80 120 160 —40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


PSAmSUNg ~ 


ELECTRONICS 


SSH10N70 


N-CHANNEL 
POWER MOSFETS 


C, CAPACITANCE (pF) 


Ros ion DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Pp, POWER DISSIPATION (WATTS) 


8000F 
Coss =Cds + ————— 
Cgs+Cgd 


100 


6) 20 40 60 80 


=Cds + Cgd 


—S Tiss | 
ae a es a i 
10 20 30 40 50 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


CP EEE 
COE 
an Y 


Boston), MEASURED WITH CURRENT PULSE OF 
2.0us. DURATION. INITIAL Tj)= 25°C. (HEATING 
EFFECT OF 2.0us PULSE IS MINIMAL) 


8 16 24 32: 40 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


120 


100 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
For SSM10N70 2 


140 


ELECTRONICS 


Vos, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


Pp, POWER DISSIPATION (WATTS) 


25 


ie) 
oO 


tS 


fe) 80 
Qg, TOTAL GATE CHARGE (nC) 
Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


| ttt 
| tA 


0 20 40 60 80 


100 120 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 
For SSH10N70 
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N-CHANNEL 
SSH20N45/20N50 POWER MOSFETS 


FEATURES 


Lower Ros (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


SSH20N45/20N50 


PRODUCT SUMMARY 


Part Number Vos Roston) Ip 

A STD 
SSH20N45 450V | 0.250 /0.3592;| 20A | 
SSH20N50 500V | 0.250 |0.350) 20A 


| | 


MAXIMUM RATINGS 


Characteristic | Symbol | éeuoaiae Senenuen Unit 
Drain-Source Voltage (1) | Voss 7 450, | 500 I Vdc | 
__Drain-Gate Voltage (Res=1.0MQ)(1) | Voor | 450 | 
__Gate-Source Voltage Ves | +20 
__Continuous Drain Current Tc=25°C | Ip 20 
| Continuous Drain Current Tc=100°C | Ip i 13 
Drain Current—Pulsed (3) lpm | 80 
Gate Current—Pulsed | Iam | =1.5 
Single Pulsed Avalanche Energy (4) | __Eas | _ 960 
Avalanche Current las | 7 20 
Total Power Dissipation @ Tc=25°C Pp | 150 
Derate above 25°C te 


Operating and Storage 
Junction Temperature Range 


Ty, Tstg =55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty=25°C to 150°C 

(2) Pulse test: Pulse width<300us, Duty Cycle<2% 

(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=4.3mH, Vag=50V, RGg=25N, starting T=25°C 


TL 300 °C 
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ELECTRONICS 


N-CHANNEL 
SSH20N45/20N50 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


[Symbol] __Characteristic | Min| Typ | Max [Units] Test Conditions 


Drain-Source Breakdown Voltage 


SSH20N45 - ¥ | Yearee 


50 
BVpss 
SSH20N50 soo] — | — | v | Ip=250yuA 
ss [Gate Source Letape Forward | — | — | 100 | na |Vese20v 
at [Gate Source Letage Reverso | — | = |=100] nA | Vose—20¥ | 
Zero Gate Voltage ae | — | 266 | vA | Vos=Max. Rating, Vas=OV 
Drain Current ees 1000 Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 


Static Drain-Source On-State 
Resistance (2) A (4) 
Rpsvon) 
sm 
Forward Transconductance (2) 
Ciss Input Capacitance | 
Coss | Output Capacitance a [ae | —. | pF | Ves=OV, Vos=25V, f=1.0MHz 


Crss | Reverse Transfer Capacitance 

tion) | Turn-On Delay Time 130 | ns | 
Vpp=0.5BVpss, Ip=10A, Zo=4.70 
(MOSFET switching times are essentially 


Rise Time 
Turn-Off Delay Time 630 | ns | independent of operating temperature) 


Ipss 


———| 


0.25] 


ta(off) 


Fall Time 


Total Gate Charge 240 | nC 
(Gate-Source Plus Gate-Drain) Ves=10V, Ip=25A, Vps=0.8 Max. Rating 
Gate-Source Charge Sessa nC 
operating temperature. ) 
Gate-Drain (‘Miller’) Charge /—| — | 160 | nc- 


=a 4 


THERMAL RESISTANCE 


Symbol | Characteristic |_| SSH2ONASI50_—— | Unit | 
0.83 cw 
Mounting surface flat, 


Rthcs Case-to-Sink TYP 0.24 
smooth, and greased 


Junction-to-Ambient 40 Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
(4) For Ultra low “A” Rosjon), device add ‘“‘A”’ suffix to part number 
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ELECTRONICS 


N-CHANNEL 
SSH20N45/20N50 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 


Modified MOSFET 
showing the integral 
reverse P-N junction rectifier 


Pulse Source Current(Body Diode)(3) 


Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


ta 80us Pulse Test 


Sarees Vos>loen 
Veg =7V Vps>lp(on) X Rosion)max 
a ae eee a 
: Lied : 
a Ww 
: = 
5 | | z 
fod 
: le deed : 
ra Pcs = 6V co 
3 oe Lb Fs 
: Le ; 
t-¢ — 
= i rl z 
‘ Sn 
[=] - 
: Bee “ 
== aa a ae eas) 
—— Vos= AV ann 
0 50 1005 200 300 0 2 4 6 8 10 12 14 
Vos, DRAIN- -TO-SOURCE VOLTAGE sir Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 


7, 2 SS a OW 


2S 0 ee Se ed We 


HAR 


FAT TT Tt 


ee 


PERE 


EF CS a es a { 
0) 10 40 50 “1.0 2.0 1 100 200 500 1000 


Vos, DRAIN- ie eaitie paenia (VOLTS) Vps, = TO- caine ae (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


pt tT =150°C MAX+— 
05 ee eee ae i We ie ee 
PT Rin jc =O0.83K/W ntti 


=a wei PULSE TEST 
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ELECTRONICS 


N-CHANNEL 
SSH20N45/20N50 POWER MOSFETS 


= Se ee as Se a ee =a ask oo oe ———a aan Ly 
rt te 


05 a et ota oan ia rT | UT hE LWT UT 
aes [a es ae 
Samtiimenss itt ine” pe 
eee | PAM P= =o AGRE ill 
: 1 a i | ss all 
ee CCC CL | | Hime ill 


—o— i ———e<——— aoe ch —— == aon 5 Same et 
D= 0.05 chalpheicidtemeiaaiomionl a . -——-7 aanne i 


sei 
0.05 mm Gsisiemee eee oi 
fo=0.02 1) tt Tt = ii SINGLE PULSE (TRANSIENT Ae ah 


ooo ee Ee 
a PTT CUM 
| a 44 


0.01 STi ST STTL STR RTRTE TT 


10° 10° 2 5 107 5 2 10 


ti. SQUARE WAVE PULSE — enaainge 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


THERMAL IMPEDANCE (PER UNIT) 
fo) 


1. Duty Factor, pat 
t 


2. Per Unit Base=Rric= 0.83 Deg. C/W all 


Ztnsctt¥Rinsc, NORMALIZED EFFECTIVE TRANSIENT 


0 —————————————— 
SS SE ee A ee ee ST 
as 


a 
g Fs 
2 a 
w = 
rr = 
2) mg 
2 10M— 
3 Fa 
“ S ° =... 
2 z 
2 < ri 
9 (=) 
: ett | | | 
z ac 1.0 [a 2 ee 
< wi } £ al 
- e 7 
a & 

ml 0.4 0.8 2 2 2.4 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voitage 


Rps (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


penton 
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N-CHANNEL 
SSH20N45/20N50 POWER MOSFETS 


Bei 
//n 
Lf 


Ciss= Cgs+Cgd, Cds SHORTED 
Crss=Cgd_ | | 


Cgs Cgd 
Cgs + Cgd 
=Cds + Cgd 


Coss= Cds+ 


| | Vy | 
Ae} | | | | 
ff RRR 


ee — 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0) 160 240 320 400 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) “Oy TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 


Rps(onMEASURED WITH CURRENT PULSE OF 
2.0us DURATION INITIAL T);=25°C (HEATING 
EFFECT OF 2.0uS PULSE IS MINIMAL) 


Ip, DRAIN CURRENT (AMPERES) 


Ros (on) DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


° 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 


) 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve Power Vs. Temperature Derating Curve 
For SSM20N45/20N50 For SSH20N45/20N50 
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ELECTRONICS 


N-CHANNEL 
SSH60N06/60N10 POWER MOSFETS 


FEATURES 


Lower Ros (oN) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 package 


SSH60N06/60N10 


PRODUCT SUMMARY 


SSS ”—C eee 


Ros 
Part Number Vos wt Ip 
A STD 
SSH6ONO6 6OV (0.0250) 0.030) 6O0A 
| 4 } + 
SSH60N10 100V |0.0250)| 0.0302 | 60A 
MAXIMUM RATINGS 
Characteristic _ Symbol | SSH60N06 | SSH60N10 Unit 
Drain-Source Voltage (1) Voss 60 | 100 Vdc 
+ = . ieee = - — - - + 
| Drain-Gate Voltage (Ras=1.0MQ)(1) VpGR 60 | 100 | Vdc 
Gate-Source Voltage Ves +20 Vdc 
. i aT — T 
Continuous Drain Current Tc=25°C Ip 7 60 | Adc 
Continuous Drain Current Te=100°C 7 Ip | 40 [ Adc 
Drain Current—Pulsed (3) _ 7 | lpm i 180 | Adc 
Gate Current—Pulsed | Iam —_ +7 5 | Adc 
Single Pulsed Avalanche Energy (4) {| Eas | | 790 | mJ 
Avalanche Current oo | _las [ — 60.0 _ | A 
Total Power Dissipation @ Tc=25°C | Pp | 160 _ Watts 
Derate above 25°C 1.2 W/°C 
r = 7 — a ——F - — * 
Operating and Storage | 7 . 
Junction Temperature Range 7 Ty, Tstg ; oe IG TSU) C 
Maximum Lead Temp. for Soldering ; 
Purposes, 1/8” from case for 5 seconds Te aup C 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=0.33mMH, Vag=25V, Rg=25N, Starting T,=25°C 
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ELECTRONICS 


SSH60N06/60N10 


N-CHANNEL 
POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Symbol 


BVpss 


Characteristic 


SSH60NO6 


win] Typ] Max [Unite] Tet Gondions 


Ilp=250uA 


Gate Threshold Voltage 


Drain-Source Breakdown Voltage 
60 V Vas=OV 
=|= 


SSH60N10 100 


— | 4.5 V 


VGS(th) 
ee 
lass 


lass 


Ipss 


—— 


Gate-Source Leakage Forward 


— | 100 | nA 


Gate-Source Leakage Reverse 


Zero Gate Voltage 
Drain Current 


Static Drain-Source On-State 


—100 Ves=—20V 
— | — | 250 | wA | Vps=Max. Rating, Ves=O0V 
— 1000} pA | Vos=Max. RatingxX0.8, Ves=OV, Tc=125°C 


__!d(on) _ Merete Drain-Source Current (2) | 60 rT — yan Vps21.8V, Ves=10V 


— 0.025; Q | Ves=10V, Ip=30A 


| 0.03} 2 


70, — | — | 0 |Vesd60v.gr30a 


= 4800 oF 
| — | 960 oF | Ves=0Y. VeawOSV. Petite 


Gate-Source Charge _— 


Rosion) | Resistance (2) “A” (4) 
STD 
Ots Forward Transconductance (2) 
Ciss Input Capacitance 
Coss | Output Capacitance 
Crss | Reverse Transfer Capacitance 
ta(on) | Turn-On Delay Time 
tr ] Rise Time 
taoft) | Turn-Off Delay Time 
tt Fall Time 
1 
Q, Total Gate Charge | 
(Gate-Source Plus Gate-Drain) 
Qgs 
Qga | Gate-Drain (‘‘Miller’) Charge 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<x2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
(4) For ultra low ‘‘A” Rpsjon), device add “A” suffix to part number 


THER 


MAL RESISTANCE 


Junction-to-Case 


Rthcs 


Case-to-Sink 


RthJa 


Junction-to-Ambient 


Notes: (1) Ty=25°C to 150°C 


(2) Pulse test: Pulse width<30Qus, 
Repetitive rating: Pulse with limited by max. junction temperature 
For ultra low “A” Rps(on), device and “A” suffix to part number 


(3) 
(4) 


S 396 oF 
126 
Vpp=0.5BVpss, Ip=30A, Zo=500 

Secas (MOSFET switching times are essentially 


independent of operating temperature) 


Vas=10V, Ip=60A, Vos=0.8 Max. Rating 
C | (Gate charge is essentially independent of 
operating temperature. ) 


28 n 
== 6 [ro 


hw [ 


K/W | Mounting surface flat, 
smooth, and greased 


Duty Cyclex2% 
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N-CHANNEL 


SSH60N06/60N10 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Modified MOSFET 
rae the integral 
reverse P-N junction rectifier 


Semiat_ Source Current 
(Body Diode) 


ism | Pulse "Pulse Source Current(Body Diode)(3) "Pulse Source Current(Body Diode)(3) Diode)(3)) — 1 = | 180 | 


Reverse Time =r’ T;=150°C, IF=60A, dir/dt=100A/uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Recovery 
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N-CHANNEL 
SSH60N06/60N10 POWER MOSFETS 


4} — 4-9 5h 


_ THERMAL IMPEDANCE) | 


Duty Factor pst 


Se sm eer eas @ t, 


Per Unit Base=R,.. = 0.83 Deg. CW | 
THT a a ae Bae a ttt Tuw-Te = Pom Zinc () 7 


| | | | | 
rrr THT + ine Tq 


on a aa a ras) a Oa 0 —- 


Zthuc(0/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


1o- 5 10> 2 5 10°' 2 5 10° 2 5 TO" 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


oO 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 
a a aE | 
a 


Wt 


gfs, TRANSCONDUCTANCE (SIEMENS) 


0 20 40 60 80 100 0 0.4 0.8 1.2 1.6 2.0 2.4 


Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


1.25 


J 


0.85 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0.75 
-40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voitage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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N-CHANNEL 
SSH60N06/60N10 POWER MOSFETS 
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C, CAPACITANCE (pF) 
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Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0 160 240 320 400 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) . TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 
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0.02 LE — — — ——————— 


| 


Ros (on DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 
Ip, DRAIN CURRENT (AMPERES) 


0} 
0 30 60 90 120 150 25 50 75 100 125 150 
Ip, DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
Typical On-Resistance Vs. Drain Current Maximum Drain Current Vs. Case Temperature 


Pp, POWER DISSIPATION (WATTS) 
Pp, POWER DISSIPATION (WATTS) 


0) 20 40 60 80 100 120 140 160 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve Power Vs. Temperature Derating Curve 
For SSH60N06/60N10 For SSM60N06/60N10 
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N-CHANNEL 
SSP1N60/1N55 POWER MOSFET 


FEATURES 


Lower Rps(on) 

Excellent voltage stability 

Fast switching time 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Improved high temperature reliability 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


SSP1N60 


SSP1N55 550V 120 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol SSP1N60 
Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras =1.0M ) (1) 
Gate-Sourvce Voltage 


Continuous Drain Current Tc =25°C 1.0 
Drain Current — Pulsed (3) 3.0 
Total Power Dissipation at Tc =25°C . 50 
Derate above 25°C 0.4 


Operating and Storage 
Junction Temperature Range 


—55 to 150 


Maximum Lead Temp, for Soldering 300 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
SSP1N60/1N55 POWER MOSFET 


ELECTRICAL CHARACTERISTIC (1, =25°c unless otherwise specified) 


BVpss_ | Drain-Source Breakdown Voltage Ves =OV, Ip =250yA 
SSP1N60 
SSP1N55 


Gate Threshold Voltage 


Vasith) 


less Gate-Source Leakage Forward 


less | Gate-Source Leakage Reverse Ves =-20V 


Vos = Max. Rating Ves = OV, 
Vps = 0.8 Max. Rating, Tc = 125°C 


Vps>12V, Ves =10V 
Ves =10V, Ip =0.5A 


Zero Gate Voltage Drain Current 


On-State Drain-Source Current (2) 


Static Drain-Source On-State 


Rosion) | Resistance (2) 
Ots Forward Transconductance (2) Vos > 15V, Ip =0.5A 
= Ciss Input Capacitance — 250 300 Ves = OV, 
Coss Output Capacitance _ 25 50 pF Vos =25V, 
ee | f=1.0MHz 
Crss | Reverse Transfer Capacitance = 10 20 pF 
+ —— + 
tg(on) Turn-On Delay Time | — | 12 20 | ns | 
— + 
| t, | Rise Time _ 4 15 Vpp =0.5 BVpss, Ip =0.5A, Zo =500 
t (MOSFET switching times are essentially 
ta(off) Turn-Off Delay Time | — | 90 60 NS | independent of operating temperature) 
| tr Fall Time _— 
Q Total Gate Charge Tt 
g (Gate-Source Pulse Gate-Drain Vas =10V, Ip =1.0A Vps =0.8 Max. Rating 
— Ls. ; ae 
Gate-Source Charge | _ (Gate charge is essentially independent of 
operating temperature) 


Junction-to-Case 
Junction-to-Ambient 


Free Air Opration 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. juction temperature 


ELECTRONICS 


N-CHANNEL 
SSP1N60/1N55 POWER MOSFET 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic | Min | Typ | Max | Units Test Condition 
Continuous Source Current | 
(Body Diode) —- | — | 1.0 A een 
Ss | fo) | 
SSPIN60 | Modified MOSFET | | 
| SSPINSS | | | integral reverse = | 
| Pulse-Source Current (3) — | — | 30 A __| P-N junction rectifier | 
ism SSP1N60 | | | 
SSP1N55 
4 +—— | + 
Vsp Diode Forward Voltage (2) —- | — | 4.15 V T-25°C, Is =1.0A, Ves =0V 
Reverse Recovery Time | | — Tj =25°C, If =1.0A, dir/dt=100A/pus 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


SSP4N55/4N60 N-CHANNEL 
SSH4N55/4N60 POWER MOSFETS 


FEATURES 


Lower Rps (ON) 

improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


|___ Rosvon) 


Part Number 


SSP4N55/SSH4N55| 550V | 2.50 | 3.00 4A 
SSH4N55/4N60 


‘SSP4N60/SSH4N60 600V | 2.50 | 3.00 | 4A 


MAXIMUM RATINGS 


_ SSP4N55 SSP4N60 Le: 
Symbol Un 
Characteristic ym SSH4NSS5 SSHAN60 | it 
a Drain-Source Voltage (1) | Voss 550 a ae 600 | Vdc 
Drain-Gate Voltage (Res=1.0M)(1) VpGR 550 600 Vdc 
b —a Ss - 7 = - + 2a cai SS aa 
Gate-Source Voltage | __Ves +20 — 7 | Vde 
Continuous Drain Current Tc=25°C | to 4 | 4 | Ade 
Continuous Drain Current Te=100*C a oe 25 ft 2.5 | Adc | 
Drain Current—Pulsed (3) | lpm . 16 to 16 | Adc 
Gate Current—Pulsed Iam 1.5 Adc 
t SS — ——— + ———SSS = = SSS = = = + ——} 
| Single Pulsed Avalanche Energy (4) _ | Eas | ee __ 358 fm 
Avalanche Current ee Se | : _ * | a | A 
Total Power Dissipation @ Tc=25°C Pp 75 Watts 
Derate above 25°C is fo a 7 0.6 © oe W/°C 
Operating and Storage Ty, Teta 65 to 150 °C 
Junction Temperature Range > | oe i“ | 
Maximum Lead Temp. for Soldering lg 
Purposes, 1/8” from case for 5 seconds Th 20u C 
Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=42 mH, Vag=50V, Rg=250), Starting Tj=25°C 
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ELECTRONICS 


SSP4N55/ 4N60 N-CHANNEL 
SSH4N55/4N60 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol Characteristic ‘Min| Typ | Max |Units| Test Conditions 
Drain-Source Breakdown Voltage y 
SSP4N60/SSH4N60 
SSP4N55/SSH4N55 550, — | — | v_ 
Gate Threshold Voltage Vos=Ves, Ilp=1mA 
Gate-Source Leakage Forward | — | — | 100 | na | Ves=20V 


A = 
Gate-Source Leakage Reverse nA | Ves=—20V 


Zero Gate Voltage bes ee 250 Vps=Max. Rating, Vas=OV 
Drain Current 7 1000 Vos=Max. RatingxX0.8, Ves=OV, Tc=125°C 


On-State Drain-Source Current (2) Vps212V, Ves=10V 
Resistance (2) STD | — 30 
[Forward Transconauctance 2) [2.0|3.1| — | U | VosbS0v,b=20A 
Go [Input Capactance «| — |720| — | oF | 
Coss | Output Capacitance }—| 40] — | pF | 
Crss_ | Reverse Transfer Capacitance | | ae | 
ion [Tum-on Dey Time | — | — | 40 | ns 
i [ricetme | — | 150 | ns 
ton [Tum-on Dey Time (| — | — | 100 | ne 
ratme —SS« | — | 60 | ne 
=. 
i) 


Ves=OV 
Ip=250yA 


Vesith) 


lass 


Ipss 


ID(on) 


Static Drain-Source On-State A (4) 
Rpsjon) 


Ves=OV, Vops=25V, f=1.0MHz 


Vpp=0.5BVpss, Ilp=2.0A, Zo=152N 
(MOSFET switching times are essentially 
independent of operating temperature) 


Vi0=10V, Ip=8.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 


Total Gate Charge 
25 C 
a (Gate-Source Plus Gate-Drain) jas] —— . 
Qgs | Gate-Source Charge | | 18 | nc | 
operating temperature. ) 
Qga | Gate-Drain (‘Miller’) Charge 6.0; — | nc | 


THERMAL RESISTANCE 


[Symboi| Gheractertio | (senensseo 
mp 


Mounting surface flat, 
Junction-to-Ambient -max | 80 | 40 Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
(4) For Ultra low “A” Rpsjon), device add “A” suffix to part number 
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ELECTRONICS 


SSP4N55/ 4N60 N-CHANNEL 
SSH4N55/4N60 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Symbol Characteristic Min. Typ | Max |Units Test Conditions 
ti 
Is oa: em —}|— | 40] A | Modified MOSFET 
y . 4 + showing the integral 
Ism Pulse Source Current(Body Diode)(3)| — | — ae | oA reverse P-N junction rectifier 
Vsp | Diode Forward Voltage (2) —| — 1/151 V _To=25°C, Is=4.0A, Ves=OV 
| 


T,=150°C, Ir=8.0A, dle/dt=100A/puS 


tr Reverse Recovery Time} — |600/} — HS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


———— 

| 80s Pulse Test 

| Vps>lovon) XRosion) max 
a 


| 80us Pulse Test 


+ 


| | 
i—§V,5=6 5V 


D — 
” 
a = 
& a 
z = 
. & 
z 2 
3 
2 Ss 
z oO 
< z= 
= = 
6 ze 
a 
0) 50 100 150 200 250 300 
ee VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
ypical Output Characteristics Typical Transfer Characteristics 
- = PT '° EF] 
80us Pulse Test Ves=7V "p, Y | emi ap 5 SS ee 
— 
(a a 
- Tl I 
; on g 
2 z 
& 2 10 
wu a 
= 48 = 
any, = 
< WwW 
a cx 
= cx 
Oo 3.2 sed 
2 z 
F < 1.0 
a 4 2 be 
é hd a) 5 T,= 150°C MAX CTS 
Rinic= 1.67 K/W a 
= hears PULSE — ~ i 
A775 ie ee ee eee ee “ | Wh. 100ms 
ee 
P Se 01 
—5— a 30 40 50 1 2 5 10 20 50 100 200 #500 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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SSP4N55/4N60 N-CHANNEL 
SSH4N55/4N60 POWER MOSFETS 


te ee TT TT 
SS i 4 


a + 
+ + 
L + + i 4 + = MT 
= , iene it Seca a eas ee t, 
0.05 =< Aetit SINGLE PULSE (TRANSIENT —}—+—+—+-++-+ +44 + at am +4 | 4 
= +44 THERMAL IMPEDANCE) son ie ie +4 +—4 Job ttt ; 
aa a: wee ne 7 +44 {1 pp Duty Factor. b=! il 


one 
| | | | | | | th. 
7 2. Per Unit Base=Rijc=1.67 Deg. C/W. 


Ht Ht ill inane een i 
| 


10°5 5 oT Thr? 5 107 2 10°! 5 1 2 5 10 
ti. SQUARE ou PULSE DURATION iceconns 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


} 

$—+ 
> 

ee) ee 

alas) 


Zthsc(Rinsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Vos>lovon) * Rosion 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTANCE (SIEMENS) 


0 1 2 3 4 5 6 
lp, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


Le) 
ce) 
Loa) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) T), JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


SSP4N55/4N60 
SSH4N55/ 4N60 


N-CHANNEL 
POWER MOSFETS 


1,600 


Crss=Cgd | 
CgsCgd 
Cgs+Cgd 
=Cds+Cgd 


Coss=Cds+ 


ok 


C. CAPACITANCE (pF) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Rosion) MEASURED WITH 
CURRENT PULSE OF 
2.0us DURATION 
INITIAL T,=25°C 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Tc, CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


CG 
ERE 74 
ERED Anes 
pt | | me 
PY | | fee | 
AT tT Tt ttt 
Pret 


Qg, TOTAL GATE CHARGE (nC) 


O 


Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 


Tc, CASE TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 
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SSP4N70 N-CHANNEL 
SSH4N70 POWER MOSFETS 


FEATURES 


Lower Rps (ON) 

Improved inductive ruggedness 

Fast switching times 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


PRODUCT SUMMARY 


Part Number Vos Rosion) Ip aeaNyD 
| 
SSP4N70 | 
| 
SSHAN70 700V | 2.50, | 3.581 | 4.0A 
| | | 
MAXIMUM RATINGS 
Characteristic Symbol ennai Unit 
Drain-Source Voltage (1) - . | Voss - 700 _Vde 
| Drain-Gate Voltage (Ras=1.0M2)(1) __ | Voor | a 700, —“—i‘SCSSCN 
Gate-Source Voltage Ves | _ £20 a Vdc 
Continuous Drain Current Tc=25°C _ ID | ; _ 4D | Ade 
Continuous Drain Current Tc=100°C Ip 4.0 Adc 
| Drain Current—Pulsed (3) 7 IDM | oe _._._} Adc | 
Gate Current—Pulsed | Iam | ee ie | Ad 
_ Single Pulsed Avalanche Energy (4) | Eas 280 a | mJ 
| Avalanche Current las 4 | A 
| Total Power Dissipation @ Tc=25°C Pp 125 Watts 
Derate above 25°C oe | q ee | wi°C | 
| Operating and Storage 7 5 | 
Junction Temperature Range Ty, dae | 7 “ee = ven ee | C | 
Maximum Lead Temp. for Soldering 7 | 
Purposes, 1/8” from case for 5 seconds Th oun “ 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=33mH, Vag=50V, Rg=25N, starting Tji=25°C 
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ELECTRONICS 


SSP4N70 N-CHANNEL 
SSH4N70 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


‘Symbol Characteristic ‘Min | Typ | Max |Units Test Conditions 
Ves=O0V 
Drain-Source Breakdown Voltage {700} — — V on 


Ilp=250uA 


Gate Threshold Voltage 2.0; — | 4.5 V_ | Vps=Ves, Ip=1mA 


lass Gate-Source Leakage Reverse Ves=—20V 


nee Zero Gate Voltage }— | — | 260 | HA | Vos=Max. Rating, Ves=OV 
Drain Current | — | — | 1000 Vos=Max. Ratingx0.8, Ves=OV, To=125°C 


On-State Drain-Source Current (2) Pel] = | a | Vos>lp(on) X Ros(on)max. Vas= 10V 
Static Drain-Source On-State 25 Q 
Resistance (2) A (4) . 


| toj0n_ 
Rpsjon) Ves=10V, Ip=2.0A 
ism SSTS~w =f = fs 
Fe | Forward Trensconduetace @ |25/36| — | U |Vasb5OV.-20A 
Input Capacitance | — [1457] — | pF | 
Output Capacitance |—|130| — | pF | Ves=OV, Vos=25V, f=1.0MHz 
Reverse Transfer Capacitance | — |38.8) — | pF. 
Turn-On Delay Time /—|— | 60 | ns | 
Rise Time )— | — | 150 | ns | 
Se 
a> 


Vpp=0.5BVpss, Ilp=2.0A, Zo=4.70 
(MOSFET switching times are essentially 
independent of operating temperature) 


ta(off) 


Turn-Off Delay Time 300 | ns | 
130 | ns | 
Total Gate Charge 


4 
(Gate-Source Plus Gate-Drain) p= | 40 | nc 


Gy | GateSouce Charge | — | 15 | — | ne | 
| Qos _| Gate-Drain (‘Miller’) Charge = | oe] | ne | 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
(4) For ultra low “A” Rpsjon), device add ‘‘A”’ suffix to part number 


ts Fall Time 


Ves=10V, Ilp=5.0A, Vps=0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature.) 


THERMAL RESISTANCE 


Junetion-to-Case | MAX | 1.0 1.0 Kwl 
Rtncs Case-to-Sink HEW 0.24 K/W Mounting surface flat, 
smooth, and greased 


Junction-to-Ambient | MAX | Free Air Operation 
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ELECTRONICS 


SSP4N70 N-CHANNEL 
SSH4N70 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


‘Symbol Characteristic Min Typ | Max Units. Test Conditions 


i t 
hina rea — | — | 4.0 | A | Modified MOSFET 
| showing the integral 
| Ism_ | Pulse Source Current(Body Diode)(3) A | reverse P-N junction rectifier 
Vsp | Diode Forward Voltage(2) Lv Tc=25°C, Is=4.0A, Ves=OV 
Reverse Recovery Time | — | ns_ T)=150°C, I-F=4.0A, dlir/dt=100A/puS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Pulse Test 
Hon) x Rosion) max 


a ems 
w ty 
Ww oc 
a Ww 
= s 
< < 
= < 
x 5 
xc Ww 
c c& 
5 c 
0 3 
z 
= = 
ac C-¢ 
5 ra 
re 3 
0 
50 100 150 200 250 300 3 4 5 6 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
10? 
a8 
5 et 
Basil TH 
~~ -_~ 2 4 
72) 7) = 
Ww Ww : 
4 5 Saiiaan av | 
a. | 1 
= = ier aes “Ss 
<S < a 00 
1 Ss 
> EB 6S a = 
= ii NOUS NA TPA 
c = 
ae ie 
oO O | | | | | 
z z | | | | 
< = 1.0 ! 
a ra t Tort t)=150°C MAX Te 
s § gy Rrc=1.0 KWITTHTH 
v—— 100ms 
16 10 2 5 10 20 50 100 200 500 
ies, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


SSP4N70 N-CHANNEL 
SSH4N70 POWER MOSFETS 


2 
ERED Te es) a 


= 
z 
Ww 
: e 1.0 =?) Se ee oe 2 ee ee 22 ee a ee oe es = 
w : 0.5 —_ = 
=. rr 
OG & i oe oasl 
a | es 7a 
oe es — amas 
96 — 
Ng, ime oo 
ase sS> ockl i ee aeeseieae 
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2 - AT TTP 1. Duty Factor. p=t. 
= ite 
>. 0.02 2. Per Unit Base=Rpjc=1.0 Deg. C/W. 
= ppt py all Seren 3. T-Te=Pow Zac ( 
Soot LL Ll LL) PL itt | 
0.01 


10-5 5 10“ 10°9 107 10" 2 5 1 2 5 10 
ti. SQUARE —— maa moaren asamae 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


gfs, TRANSCONDUCTANCE (SIEMENS) 
lpr, REVERSE DRAIN CURRENT (AMPERES) 


4 8 12 
Ip, DRAIN CURRENT (AMPERES) Vsp, une eh iets voLTaRe pueseeey 
Typical Transcounductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


pi |} TT TE 
pT} tt Tt Ty 
ERA 
pitt |r tt 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


—40 O 40 80 120 160 —40 ) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


SSP4N70 
SSH4N70 


N-CHANNEL 
POWER MOSFETS 


Rosion, MEASURED WITH CURRENT PULSE OF 
2.O0us DURATION. INITIAL T,=25°C. (HEATING 
EFFECT OF 2.0us PULSE !S MINIMAL) 


C, CAPACITANCE (pF) 


0 10 20 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Rosion) MEASURED WITH CURRENT PULSE OF 
2.0us DURATION. INITIAL T,=25°C. (HEATING 
EFFECT OF 2.Qus PULSE IS MINIMAL) 


Rosion,, DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0) 4 8 12 16 20 
Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 #160 


T., CASE TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Ip, DRAIN CURRENT (AMPERES) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vos= 140V 


y/ 
> al 
Ben) /Geeeee 
pore | tt fe | 


ii haw 


20 40 60 80 100 
Qg, TOTAL GATE CHARGE (nC) 


Typical Gate Charge Vs. Gate-To-Source Voltage 


25 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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SSP6N55/6N60 
SSH6N55/6N60 


N-CHANNEL 
POWER MOSFETS 


FEATURES 


Lower Ros (on) 
Improved inductive ruggedness 
Fast switching times 


Lower input capacitance 
Extended safe operating area 


PRODUCT SUMMARY 


Improved high temperature reliability 


Rugged polysilicon gate cell structure 


TO-220 


Ip 
SSH6N55. 6N60 
6A 
SSP6N60/SSH6N60, 600V | 1.20 1.80 6A 
MAXIMUM RATINGS 
— SSP6N55 SSP6N60 
Characteristic Symbol SSH6N55 SSH6N60 Unit 


Drain-Source Voltage (1) 


Drain-Gate Voltage (Ras= 1.0OMQ)(1) VpGR 550 600 Vdc 
Gate-Source Voltage | Ves | ; +20 Vdc | 
_ Continuous Drain Current Tc=25°C Ibe 6.0 | 6.0 Adc 
Continuous Drain Current Tc=100°C (lb | 4.0 | 4.0 Adc 
Drain Current—Pulsed (3) lpm 24 = 24 Adc | 
Gate Current—Pulsed _ 7 _ tom 21.6 Adc | 
| Single Pulsed Avalanche Energy (4) Eas oy ge ; mJ 
_ Avalanche Current tas. oe 6.0 A 
| Total Power Dissipation @ Tc=25°C Pp 125 Watts 
| Derate above 25°C © _ a 1.0 W/°C 
| | | 
| Operating and Storage | ty, Tete 55 to 150 ron 
Junction Temperature Range _ ; ; 7 
_ Maximum Lead Temp. for Soldering | r 300 °C 
Purposes, 1/8” from case for 5 seconds | . 
Notes: (1) Tj=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 
(4) L=27mMH, Vag=50V, Re=252, Starting T,=25°C 
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ELECTRONICS 


SSP6N55/6N60 N-CHANNEL 
SSH6N55/6N60 POWER MOSFETS 


ELECTRICAL CHARACTERISTICS (Tc=25°C unless otherwise specified) 


Characteristic 
Drain-Source Breakdown Voltage j559| — = V | Ves=O0V 
BVoss | SSP6N55/SSH6N55/ 
- | Ip=250uA 
SSP6N60/SSHEN60/ poe — — V 
| | | 4 
Vasth) | Gate Threshold Voltage 2.0}; — | 4.5 V Vops=Ves, Ilb=1mA 
_ lass | Gate-Source Leakage Forward — | — | 100 | nA | Ves=20V 
SS t —— + 4 
lass | Gate-Source Leakage Reverse — | _ —100| nA | Ves=—20V - 
= | te : _ ae + 1 { z = = = : —_ 
loss | Ze" Gate Voltage — | — | 250 | BA | Vos=Max. Rating, Ves=OV _ 
| Drain Current — |} — |1000} pA | Vps=Max. RatingX0.8, Ves=OV, Tc=125°C 
} 4 { | == = 
Ipb(on) | On-State Drain-Source Current (2) | 6.0} — <a A Vps210V, Ves=10V 
B Static Drain-Source On-State A —-|- 1.2 ae ee 
OS(on) | Resistance (2) sip | =—|=—142a Pee ae, re 
T i T —=- 1 
Ofs Forward Transconductance (2) 18 4.8 | — UO | Vps250V, Ip=3.0A 
5 | — 
Ciss Input Capacitance —-) — 1800 | pF 
Coss | Output Capacitance _ Ves=OV, Vps=25V, f=1.0MHz 
Crss | Reverse Transfer Capacitance 


ta(on) | Turn-On Delay Time 


Vpp=0.5BVpss, Ip=3.0A, Zo=4.70 
(MOSFET switching times are essentially 
independent of operating temperature) 


t, Rise Time 


ta(off) _| Turn-Off Delay Time 
tr Fall Time 
Total Gate Charge 


Q —|— 40 nc 
9 | (Gate-Source Plus Gate-Drain) Ves=10V, Ip=7.5A, Vos=0.8 Max. Rating 
Q Gate-Source Charge = = [ 15 nc (Gate charge is essentially independent of 
= — + operating temperature.) 
Gate-Drain (‘Miller’) Charge 


THERMAL RESISTANCE 


Symbol Characteristic _ SSP6N55/60 SSH6N55/60 Unit 
Rthuc Junction-to-Case MAX 1.0 
| | | 
Mounting surface flat, 
Rthcs Case-to-Sink T¥F 0.5 saci, cal aeuad 
r + + + + 
Rthua Junction-to-Ambient MAX | 80 K/W | Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


(4) For Ultra low “A” Rpsion), device add ‘‘A” suffix to part number 
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ELECTRONICS 


SSP6N55/6N60 , N-CHANNEL 
SSH6N55/6N60 POWER MOSFETS 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


[eine [oe] Yess 


- Continuous Source Current {= feel 
Body Diode 
(Body showing the integral 


ism | Pulse "Pulse Source Current(Body Diode)(3) "Pulse Source Current(Body Diode)(3) Diode)(3)| — | | 24. 24.0; A- reverse P-N junction rectifier 


= Diode Forward Voltage aj—-|—-l+lv- Tc=25°C, Is=10.0A, Ves=OV 
Reverse Recovery Time Sores Tj=150°C, IF=10.0A, dl-/dt=100A/”uS 


Notes: (1) Ty=25°C to 150°C (2) Pulse test: Pulse width<300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


Modified MOSFET 


80us Pulse Test IN i T,=125°C L | 
u 1 
12 Vos>lojon) % Rosion) max WT [ T,;=25°C 
= Tj=-55°C 
g g | | | bey | 
ia Ww 
wi Cc 
a Ww 
= = | 
= < 9 
= ~~" 
= 5 
c Ww 
a ac 
5 ce 
re) =] 
z = 6 
= z 
= r 
x P 
= ra) 
oO ~ 
£ 2 
3 
0) 50 100 150 200 250 300 0) 2 4 6 8 10 iZ 14 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
Typical Output Characteristics Typical Transfer Characteristics 
10 
|| | | | ei 
_ 8 - 
” =~ 
w wy 
Py & h 
i 1 Ous 
= ‘© NS INGE 
. 6 =< rT Til 
z - 
Ww a 
« Ww 
iva c 
3 Ss 
z 4 a 
= z 
= : 
ei E 
o - 
. a a E 
2 
A 


A a 


12 16 20 10 2. +5 10 20. 50 100 200 500 
Vos, DRAIN-TO- SOURCE VOLTAGE (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Saturation Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


SSP6N55/6N60 N-CHANNEL 
SSH6N55/6N60 POWER MOSFETS 


: aul ST 


° 


—- 
Oe | | | | | | a 


= Lege S4i— oo 
vosh Oe te bt th 
ea Raaw ne 


SINGLE PULSE (TRANSIENT 


THERMAL IMPEDANCE) | | | 
ooo | It AEE eee 
0.01 Hl LT 
10° 5 10° 2 5 10% 92 5 107 2 5 10" 2 5 1 2 5 10 


ti. SQUARE WAVE PULSE DURATION (SECONDS) ; 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


1. Duty Factor. pat 
t 


a 
i 2. Per Unit Base=Rpyc=1.0 Deg. C/W. 


Baal 3. Tyw-To=Pom Zinuc (t). 


Zthsctt/Rtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


rte |_| 
ic Seal 


Vos> lyon) X Rosions max 
80us Pulse Test 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


gfs, TRANSCONDUCTACE (SIMENS) 


fe) 1 2 3 4 5 6 
Ip, DRAIN CURRENT (AMPERES) Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Typical Transconductance Vs. Drain Current Typical Source—Drain Diode Forward Voltage 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 
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ELECTRONICS 


SSP6N55/6N60 
SSH6N55/6N60 


N-CHANNEL 


POWER MOSFETS 


C, CAPACITANCE (pF) 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Pp, POWER DISSIPATION (WATTS) 


f=1 MHz 
Ciss=Cgs+Cgd, Cds SHORTED 
Crss=Cgd 
Coss=Cds+C9SCgd _ 
Cgs+Cgd 
=Cds+Cgd 


ie = 20 —30 740 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Capacitance Vs. Drain to Source Voltage 


Ip, DRAIN CURRENT (AMPERES) 
Typical On-Resistance Vs. Drain Current 


) 20 40 #60 80 100 120 140 160 
Ta, AMBIENT TEMPERATURE (°C) 
Power Vs. Temperature Derating Curve 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 


| {= Era 
ACE 
Fitict i {itt | 


re TOTAL ‘au exanae (ty 


Typical Gate Charge Vs. Gate-To-Source Voltage 


100 


25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (°C) 
Maximum Drain Current Vs. Case Temperature 


ELECTRONICS 
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SSR1N60/1N55 
SSU1N60/1N55 


N-CHANNEL 
POWER MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching time 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 


SSR1N60/1N55 


PRODUCT SUMMARY 
Part Number Vos Rpscon) Ip 
SSR1N60/U1N60 600V 120 1.0A 
| 4 _| 
SSR1N55/U1N55 550V 120 1.0A 


SSU1N60/1N55 


ABSOLUTE MAXIMUM RATINGS 


. Characteristics SSR1N60/U1N60 SSR1N55/U1N55 
Drain-Source Voltage (1) 
Drain-Gate Voltage (Ras =1.0MQ) (1) VpGR 600 550 Vde 
Gate-Source Voltage Ves +20 Vdc 
Continuous Drain Current Tc =25°C ID 1.0 Adc 
Drain Current—Pulsed (3) IDM 3.0 Adc 
Total Power Dissipation at Tc =25°C Pp 40 Watts 
_Derate above 25°C i 0.32 W/°C 
Coen tan Ta Tat - 55 0 150 ‘ 
Maximum Lead Temp. for Soldering Ti 300 oC 
Purposes, 1/8” from case for 5 seconds 
Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


SSR1N60/1N55 N-CHANNEL 
SSU1N60/1N55 POWER MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


‘Symbol | Gharateieie [win] Wp | Wax [Unie | —TeetGondition 


Drain-Source Breakdown Voltage _— V Vas =OV, Ip =250yA 
SSR1N60/U1N60 600 
SSR1N55/U1N55 550 | — V 


Gate Threshold Voltage f20)/ — | 40 | v | Vos =Vas;, Ip =250pA 
less Gate-Source Leakage Reverse nA Ves =—-20V 


Zero Gate Voltage vA | Vos =Max. Rating Vas =0V 
Drain Current 


Vps =0.8 Max. Rating, Tc =125°C 
On-State Drain-Source Current (2) 


a Vos >12V, Ves =10V 
Static Drain-Source On-State 
Resistance (2) 


| te | Forward Transconductance (2) Em 
C 
C 


Hh 


Vps> 15V, Ip =0.5A 
gd 


7h 


ons | Vpp =0.5BVpss, |p =0.5A, Zo =50 2 


ns 
Tas | (MOSFET switching times are essentially 
cE 
nc | 


independent of operating temperature) 
n 
n 


tu [Reeting 
faite 
5 Seana 
(Gate-Source Pulse Gate-Drain) 
Gy | GateSource Chase 
Gate-Drain (“Miller”) Charge 


Vas =10V, Ip =1A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


To 
mn 


C 
Cc 
Cc 


THERMAL RESISTANCE 


Junction-to-Case 
Junction-to-Ambient 


Notes: (1) T) =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


kw 
Free Air Operation 


MAX | 3.125 
MAX | 0 
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ELECTRONICS 


SSR1N60/1N55 N-CHANNEL 
SSU1N60/1N55 POWER MOSFET 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Min | Typ | Max | Units | TestCondition 


Symbol Characteristic 


Continuous Source Current 

| (Body Diode) 

SSR1N60/U1N60 
SSR1N55/U1N55 


Modified MOSFET 
integral reverse 
P-N junction rectifier 


Pulse-Source Current (3) 
Ism SSR1N60/U1N60 
SSR1N55/U1N55 


Tc =25°C, Is =1A, Vas =0V 
Tj =25°C, Ip =1A, dlp/dt=100A/uS 


Vsp Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


P-CHANNEL 
3SR2955/U2955 POWER MOSFET 


FEATURES 


Lower Rps(on) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
D-PAK/I-PAK package 


SSR2955 


PRODUCT SUMMARY 
PartNumber_|__Vos__|_Rosjon)_|__!o(en)_ 


SSR2955/U2955 0.302 -12A 


SSU2955 


MAXIMUM RATINGS 


Characteristic Symbol SSR2955/U2955 Units 
Drain-Source Voltage (1) Voss - 60 Vdc 
| Drain-Gate Voltage (Res =1.0M®) (1) id on | ~60 Vde 
Gate-Source Voltage Vas | £20 Vdc 
Continuous Drain Current Tc =100°C Ip | -12 Adc 
| Continuous Drain Current Tc =25°C | Ip -8.4 Adc 
| Drain Current—Pulsed (3) | Ip — 36 | Adc | 
Total Power Dissipation @ Tc =25°C Pp 42 Watts 
Derate above 25°C | 0.33 W/°C 
geen eae Range | Ty, Tstg | eee ie © 
ait Pe ies nl TL ain bo 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


P-CHANNEL 
$SSR2955/U2955 POWER MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


"erect win |e | Wax [Unie | _TeetGondivon 


Symbol 
te [owmouenenw [=e] |= | vi 
|-20| — |-a0| v | 


tet |G ous Ledge Pod | — [= [-=100| oA [von 

eg 
Drain Current /— | — | -1.0] mA_ | Vos=Max. Ratingx08, Vas =0V, Tc =125°C 

| Goats Cones Oana [=e] = [| 


Static Drain-Source On-State 
Resistance (2) 025 | 020° Ves =—10V, Ip =-6.0A 
Input Capacitance 600 | — pF 


3.0 
La 
Output Capacitance | — | 300 | Ves =OV, Vos = —25V, f=1.0MHz 
ES 
Se. 
= 
es 


> 


7) pomume) 


Rpsjon) 


Forward Transconductance (2) 


Reverse Transfer Capacitance 


Turn On Delay Time 

tt | Rise Time 

Turn Off Delay Time 
Fall Time Soars 
Total Gate Charge - |= | 4 | nc | Ves =—10V, Ip =-12A, Vps =0.8 max. Rating 
Gate Source Charge T— |e | — | ne | (Gate charge is essentially independent 
Gate Drain Charge [ce || Se ae | ee | of operating temperature) 


Vpp = —0.5BVpss, |p =—6.0A, Zo =50 Ohms, 
(MOSFET switching times are essentially 
independent of operating temperature) 


THERMAL RESISTANCE 


[unaioniotess—=Ss*~=“‘idr SSS 
[casetosink «| — | a7 | — | OW | Mouning surtace ft omoat and gronsed 


Rthua 


Note: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


P-CHANNEL 
SSR2955/U2955 POWER MOSFET 


eee DRAIN DIODE RATING AND CHARACTERISTICS 


Symbol | Characteristic =| Min | Typ | Max | Units Test Condition 


Continuous Source Current —f-|-ap Modified MOSFET 
(Body Diode) symbol showing the 
Pulse Source Current _ 36 A 

a Diode) (3) 


integral reverse 

P-N junction rectifier 
Diode Forward otlage(@ | — | — | 88) Vv 
Reverse Recovery Time | — fro} — | ns | T 


— 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


a 
= 
=x 
J 
~ Ww 
” oO 
Ww za 
ui 5 
: z 
= rd 
a 5 
c Ww 
c oO 
2 c 
2 3 
< 3 
a. in 
é = 
c 
eS 
§ 
c 
Vps, DRAIN-TO-SOURC VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 
15 
| oomruscress | [Tf | | 
Le 
es) ANS 
@ [7 a Setiiiemersi eet 
a f} Ty =-50°C c pt a IS 
= 9 = = 
b < 
= aa 
3 ‘i 
c c 
= c 
> 66 Fs} 
< z 
c < 
a c 
: = 
> 2 
3 a aaa 
i sm — 
eth 
0 2 4 6 10 12 14 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) TO. 
TYPICAL TRANSFER CHARACTERISTICS cena SAFE OPERATWI AREA 
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ELECTRONICS 


P-CHANNEL 
SSR2955/U2955 POWER MOSFET 


avail AE Ht Petr ttt 


ari 
Co er I 


—+ +h aoe =a" -8 Pet 


== 
ttt tt ae 5 inom oe oes Son Gat os oS oo mena: 
SSS so adele eee eee ess tl 


o = ee een aes ae 
Ti en | Mo 


| poe een I Tn OP 


CT deer 
Leet t | I TT UT TP ETT | 


re SS ec 
a a ent) a oe a oe ee See) coe oe ee ee 
46s 


0.05777 TTT SINGLE PULSE (TRANSIENT Ht HA Ct 
Lat | ||! TTT) THERMAL IMPEDANCE) 
- HEE HH Coon cnr 


ti. SQUARE WAVE PULSE DURATION as 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


a 


Ztnscit/Rinsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 
° 
io 


5 1 2 5 10 


2.0 


ot +t} tt 4 
Pf tt} et tT Ty) 
Pf tt | Ae 
ERED Zeanee 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE (NORMALIZE) 
Rosion), DRAIN-TO-SOURCE ON RESISTANCE (NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


C, CAPACITANCE (pF) 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


ps, DRAIN-TO-SOURCE VOLTAGE (VOLTS Q,, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


Pras oni” 


ELECTRONICS 
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P-CHANNEL 
SSR2955/U2955 POWER MOSFET 


Pp, Power Dissipation (watts) 


0 30 60 90 120 150 


T., CASE TEMPERATURE (°C) 
POWER Vs. TEMPERATURE’ DERATING CURVE. 


ELECTRONICS 


N-CHANNEL 
SSR3055/SSU3055 | POWER MOSFET 


FEATURES 


Lower Rps(on) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
D-PAK/I-PAK package 


SSR3055 


PRODUCT SUMMARY 
oaneamiooey pong porn ore 


SSU3055 


MAXIMUM RATINGS 


Characteristic __Symbol__| __ssrsoss/usoss | Units 
Drain-Source Voltage (1) Moss | |e 
Drain-Gate Voltage (Res =1.0MQ) (1) Voor =| ti“‘i‘zawCY Vde 
Gate Source Voltage Vas Vdc 
Continuous Drain Current Tc =25°C Ip de 
Continuous Drain Current Tc =100°C Ip BA Ad 
Drain Current — Pulsed (3) a ee 


Total Power Dissipation @ Tc =25°C p 42 Watts 

Derate above 25°C e 0.33 W/°C 

Operation and Storage TT °C 
Junction Temperature Range me eg 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
SSR3055/SSU3055 POWER MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Symbol Characteristic Min | Typ | Max | Units Test Condition 
BVpss_ | Drain Source Breakdown Voltage ieee 
Ip =250pA 
a 
Vasvth) Gate Threshold Voltage Vos =Vas; Ip =250yA 
lass Gate Source Leakage Forward nA | Ves =20V 
lass Gate Source Leakage Reverse — — = nA Ves =-20V 
Zero Gate Voltage = 


| P 
ee Drain Current 


ID(on) On Static Drain Source Current (2) 


Static Drain Source On State 


Resistance (2) Vas =10V, Ip =6.0A 


Rpsjion) 


Ofs Forward Transconductance (2) Vps>15V, Ip =6.0A 


Ciss Input Capacitance fe | 440 
Coss Output Capacitance — 


Vas =OV, Vos =25V, f=1.0MHz 


T 
Crss Reverse Transfer Capacitance —_ 


ta(on) Turn On Delay Time — 


Vpp =0.5 BVpss, Ip =6A, Zo =50 Ohms, 
(MOSFET switching times are essentially 
independent of operating temperature.) 


tr Rise Time -- 


tavoff) Turn Off Delay Time — 


ty Fall Time a 


Qg Total Gate Charge — = 17 


Vas =10V, Ip =12A, Vps =0.8 Max. Rating 
(Gate charge is essentially independent 
of operating temperature) 


Qgs | Gate Source Charge — 


Qga Gate Drain Charge _ 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink ; Mounting surface flat, smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
SSR3055/SSU3055 POWER MOSFET 


SOURCE DRAIN DIODE RATING AND CHARACTERISTICS 


| Symbol | Characteristic Min | Typ | Max | Units Test Conditions 
Continuous Source Current 12 A Modified MOSFET . 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse ° 
/ A | P-N junction rectifier ° 
(Body Diode) (3) 
Diode Forward Voltage (2) ~— } a7 | a8 |v | 1c=26°, 1g=12A, Vos=0V 
, | Reverse Recovery Time | me. | 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


20 


Pt | | | merase | 
pi] Wii | | | [| 


Ip, DRAIN CURRENT (AMPERES) 
S 
~~ 
Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 2 4 6 8 10 0 4 8 12 16 20 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
Typical Saturation Characteristics TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


San 
+++ OPERATION IN THIS AREA 
LTH IS LIMITED BY Rosion) 
C202 es 


pt AN O00us 
Coe Tu 


aan el BS 2 2 ee ee ee 

Seca TTS 
| 

ak 


80uS PULSE TEST 
Vps >Ipon) * Rosion) 


= 
a 
a 
a 
ez 


ae a a 
i 
To 
aa 
Tr} 
mp2 


Ls*] 
o 


_ 
o 


Ip, DRAIN CURRENT (AMPERES) 
3S 


Ip, DRAIN CURRENT (AMPERES) 


0.5 1 2 5 


10 20 60 100 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Typical Transfer Characteristics Maximum Safe Operating Area 
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ELECTRONICS 


N-CHANNEL 
$SSR3055/SSU3055 POWER MOSFET 


THERMAL IMPEDANCE (PER UNIT) 


+ 
: oe 
ail f 


SINGLE PULSE (TRANSIENT 

L THERMAL IMPEDANCE) | | | th 
T ] [| ; id || | i} ti 1. Duty Factor D= 4, 

| 2. Per Unit Base=Rinic = 1.0 Deg. C/W 

3. Tym-To = Pom Zthuc (t). 


Zthuc(t)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 


10-° 5 2 5 10-32 5 10-2 2 5 10°" 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Ros (on), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


-40 0 40 80 120 160 -40 0 40 80 120 160 
Tj, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
Breakdown Voltage Vs. Temperature Normalized On-Resistance Vs. Temperature 


Vas =0 f=1 MHz 

Ciss =Cgs +Cgq, Cas, SHORTED 
Crss =Coq 

Coss =Cgs +Cgs x Cus +Cgg +Cgq 


C. CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 0 10 20 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
Typical Capacitance Vs. Drain to Source Voltage Typical Gate Charge Vs. Gate-To-Source Voltage 
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ELECTRONICS 


N-CHANNEL 
SSR3055/SSU3055 POWER MOSFET 


POWER DISSIPATION (WATTS) 


Ty, JUNCTION TEMPERATURE (°C) 
POWER Vs. TEMPERATURE DERATING CURVE. 


ELECTRONICS 


IRL510/IRL511 


N-CHANNEL 
LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 
Excellent voitage stability 
Fast switching speeds 


Lower input capacitance 
Extended safe operating area 


TO-220 Package 


PRODUCT SUMMARY 


Part Number 


Rugged polysilicon gate cell structure 


improved high temperature reliability 


1. Gate 2. Drain 3. Source 


MAXIMUM RATINGS 


Characteristic 
Drain-Source Voltage (1) 
prain-Gite Voltage (Ras =1.0M 1) (1) 
Gate-Source Voltage 


Continuous Drain Current Tc =25°C 


Voss 
Vpar 


Ves 


Continuous Drain Current Tc =100°C 
Drain Current—Pulsed (3) 


Total Power Dissipation @ Tc =25°C 
| Derate above 25°C 


Operation and Storage 
Junction Temperature Range 


Maximum Lead Temp. for Soldering 


Notes: (1) Ty =25°C to 150°C 


Purposes, 1/8” from case for 5 seconds 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


fam 


ELECTRONICS 
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N-CHANNEL 
IRL510/IRL511 LOGIC LEVEL MOSFET 


Ca) 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Symbol | Characteristic Min Typ | Max | Units | Test Condition 


ve (ete [Re |S [= [=| v 
Breakdown Voltage IRL511 80 Ip =250pA 

lass Gate-Source Leakage Forward — [| 100 

tess_| GateSouce Leakage Reverse | — | — | — 10 


Zero Gate Voltage 
Drain Current 


Ipss 
Vps =Max. Ratingx0.8, Vas =0V, Tc =125°C 


Vps = |p(on) x Roson)max. Vas =5.0V 


0.75 2 Ves =5.0V, Ip =2.0A 


Vos > 25V, Ip =2.0A 


Vas =0V, Vos =25V, f=1.0MHz 


Ipjon) | On-State Drain-Source Current (2) 


Static Drain Source On State 
Resistance (2) 


Rpsjon) 


Ofs Forward Transconductance (2) 1.3 | 
Ciss Input Capacitance — 


iF 


Coss Output Capacitance — 


no 
a | 


TC 


Crss Reverse Transfer Capacitance _ 


ton) Turn-On Delay Time ~— | 80} 20 | ns | 

t; | Rise Time /— | 80] 25 | ns | 

tavoff) Turn-Off Delay Time | — | 10 | 25 | ns | 

t; | Fall Time /— | 80] 20 | ns | 

Qg Total Gate Charge =f =) oe | oe | 

Qgs Gate-Source Charge | — |i] —_ nC 
_- [38] — | 


Vpp =0.5BVpss, |p =4.0A, Zo = 152 
(MOSFET switching times are essentially 
independent of operating temperature) 


Vas =5V, Ip =4.0A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


Qga Gate-Drain Charge 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


an - 


ELECTRONICS 


N-CHANNEL | 
IRL510/IRL511 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Is Continuous Source Current [| 40] a Modified MOSFET : 
(Body Diode) symbol showing the 
Pulse Source Current integral reverse ’ ‘ 
Ism (Body Diode) (3) A | P-N junction rectifier 
Diode Forward Voltage (2) La =25°C, Is =4.0A, Vas =0V 


Te [ReweRasown Tine [= [ooo — [me [nt wea, damon 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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denao 


ELECTRONICS 


N-CHANNEL 
IRL510/IRL511 LOGIC LEVEL MOSFET 


Gal 
—-~—+- + 14 tit os aa aa be 


_ SINGLE PULSE TRANSIENT 4 1. Duty Factor. D=_t1 
THERMAL IMPEDANCE | nine 


Scant (me al ) —}—— 2. Per Unit Base=Rinyc =1.0 Deg. C/W. 
3. ‘arte =Ppm Ztnuc (t). 


ZnscityRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


5 10° 2 5 10' 2 5 10? 2 5 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 2 4 6 8 10 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


10? 


7 e 
” 

wi - 
& -10 rk F 
$ WH z 
< . S 
eK | ’y < 
é et g 
5 wil 3 
3 N c 
z 5 
< 1 Ty =150°C MAX. = re) 
a Rthuc =2.9K/W = 2 “ 
6 SINGLE PULSE AY e 

Ct 
BS AN 
0.1 0 30 60 90 120 150 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


| N-CHANNEL 
IRL510/IRL511 LOGIC LEVEL MOSFET — 


Tote | tele] | 
CT 


Ip, DRAIN CURRENT (AMPERES) 


Vasith), GATE THRESHOLD VOLTAGE (NORMALIZED) 


0 2 4 6 8 10 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION 


WITH TEMPERATURE 


a 
ay 
A 
A 
0 1 2 3 


Ip, DRAIN CURRENT (AMPERES) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE (9) 


4 5 6 7 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


N-CHANNEL 
IRL520/IRL521 LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
TO-220 Package 


1. Gate 2. Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


Rps(on) 


IRL520 


IRL521 


MAXIMUM RATINGS 
Characteristic Symbol irs20 | IRLS21 | Units 
100 80 Vdc 


Drain-Source Voltage (1) Vpss 
Drain-Gate Voltage (Res =1.0M ) (1) VparR 100 80 Vdc 
Gate-Source Voltage [ Ves Vdc 


Continuous Drain Current Tc =25°C Ip ; | 79 8| Ade | 


eee! See Seer 
| Continuous Drain Current Tc =100°C Ip 


Drain Current—Pulsed (3) 
Total Power Dissipation @ Tc =25°C 
| Derate above 25°C 
Operation and Storage o 5 
Junction Temperature Range aap 150 C 
Maximum Lead Temp. for Soldering - 
Purposes, 1/8” from case for 5 seconds ae : 
Notes: (1) Tj =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL520/IRL521 LOGIC LEVEL MOSFET 


a CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Characteristic Hae te te Test Condition 
BV Stet | Source IRL520 pe Vas =0V 
DSS | Breakdown Voltage IRL521 Ip =250pA 
Gate Threshold Voltage 1.0 ae Vos =Ves, Ip =1mMA 


Teas |Gate-Sourc Leakage Forward | — | — | 100 | oA [Vert 
to [onsets Rees | — | <n a [vanes 


Drain Current Sees Vos =Max. Ratingx0.8, Ves =0V, To =125°C 
ID(on) On-State Drain-Source Current (2) yet — | = | a | Vps = |pion) X Rosion)max. Vas =5.0V 


Static Drain Source On State _ 


Ciss Input — Scere 

Gs | Reverse TansferCopaciance | — | 60 | — | oF 

tam | Tum-OnDelyTime | — | — | |S 
t, Rise Time [a | — | or | ns | Vop =0.5BVpss, Ip =4.0A, Zo=502 

taon [Tumor DelayTine | — | — | 45 | *8 | mnopendentot operating tmpereure 

ee 

—o—_[amsonecie | = [ae | = fe (Gate charge is essentially independent of 


THERMAL RESISTANCE 


ee 
Frcs _|Casei-sik | | 08 | — | KW | Moving src at onoah, nd resad 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


a 
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ELECTRONICS 


IRL520/IRL521 


N-CHANNEL 
LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Notes: (1) Tj =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Test Condition 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junction rectifier 


Tc =25°C, Is = 7.9A, Vas =0V 


Symbol Characteristic Min | Typ | Max | Units 
is oii Current _ _ 79 A 
Pulse Source Current ; 
ISM _| (Body Diode) (3) af tae ak 
Vsp Diode Forward Voltage (2) _ _ 25 V 
trr Reverse Recovery Time — 280 — ns 


T) =25°C, Ir =7.9A, dip/dt=100A/uS 


odo 


ELECTRONICS 
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N-CHANNEL 
IRL520/IRL521 LOGIC LEVEL MOSFET 


mt 
1.6 co cf Hill === — mess a 
ee ase meas = = 
a ft 
—<— = ‘ [| | tT TTT 


et a Sere: = =z 
; ger 
or 


“ 


= ty 

1. Duty Factor D= to 
2. Per Unit Base=Rinjc =1.0 Deg. C/W 
3. Tym-Tc =Pom Zthuc (t). 


0-2 5 10-' 2 10° 10' 2 5 10? 2 5 10° 2 5 104 
ti. SQUARE — wine DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


ZtnsctyRtnsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ves =0 f=1 MHz 
2Ciss =Cgs +Cgg Cas SHORTED 


Crss=Cod Cys Cog _ 


Coss =Cas + Cgs +Cga 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


100 


He OPERATION IN IN THIS AREA IS Te 
Sa ae ee Sn 
— an ao se LIMITED BY Rosjon) tet tH 
Se gy my ga Re eee al 
PTV CRIS CPST i 


g IL (gs! | ee 
tc i0/-— ¥ 100us hs g 
: pF et te = 
2. Se 2 
< ee mn at = 
E | iti a rN Ts TT Fe E 
Gi | | Ne a 
cc A n 
rs D 
c 

3 N rs 
= Ty =150°C MAX. es 
c +— Rthuc =1.67K/W re) 
Sy Serta SINGLE PULBE 4 , 
2 as oe Se Ce a ee Os a 


0.1 0 30 60 90 120 150 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


N-CHANNEL 
IRL520/IRL521 LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) 


PSC 
CCPC 


Vesithy, GATE THRESHOLD VOLTAGE (NORMALIZED) 


0.6 
0 2 4 6 8 10 -~50 0 50 100 150 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


80s Pulse Test 


+ 
Vos > |p(on) x Rosion) Max. 


Ip, DRAIN CURRENT (AMPERES) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (0} 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 
(NORMALIZED) 


oak 
oO 


0.9 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


0.8 
~40 0 40 80 120 160 - 40 0 4 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 

BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


N-CHANNEL 
IRL530/IRL531 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


MAXIMUM RATINGS 


Characteristic Symbol IRL530 IRL531 =| ~—sUnits_—s—'| 
Drain-Source Voltage (1) Voss | 100 


Drain-Gate Voltage (Ras =1.0MQ) (1) VpaGrR 100 80 Vdc 


Gate-Source Voltage Vas 
Continuous Drain Current Tc =25°C Ip ee ee eee 


Continuous Drain Current Tc =100°C 


Drain Current — Pulsed (3) Ip 


Total Power Dissipation @ Tc =25°C 
Derate above 25°C 


Operating and Storage a 
Maximum Lead Temp. for Soldering T 
Purposes, 1/8” from case for 5 seconds h 


Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL530/IRL531 LOGIC LEVEL MOSFET 


ELECT RICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


a 


BV Drain-Source IRL530 100 Ves =0V 
DSS | Breakdown Voltage IRL531 80 cs 


Ip =250yA 
Vth) Gate Threshold Voltage 1.0 Vos =Ves, Ip =1mA 
Ves =15V 


lass Gate-Source Leakage Forward ~ 
Ves =—-15V 
Vos =Max. Rating Ves =0V 


lass Gate-Source Leakage Reverse = 
loss Zero Gate Voltage 250 
Vps =Max. Ratingx0.8, Ves =0V, Tc =125°C 


4 


Drain Current = 
-- A Vps = !pion) X Rosion)max-, Vas =5.0V 


0.2 Q Ves =5.0V, Ip =7.0A 


ID(on) On-State Drain Source Current (2) 13 

Ofs Forward Transconductance (2) 7.0 — Vps > 25V, Ip =7.0A 
Ciss _| Input Capacitance — | 800 
Coss Output Capacitance — | 200 


| Ves =OV, Vos =25V f=1.0MHz 
Criss Reverse Transfer Capacitance | a | 
td(on) Turn-On Delay Time es 


t; | Rise Time Pot os | 
| tao | Turn-Off Delay Time Loe |e | ee | 

tt Fall Time | — | — | 45 | ns | 
Qg Total Gate Charge | — | 18 | 30 | nc 
Qgs Gate-Source Charge |= |}6o}| — | ne | 
Qga Gate-Drain Charge f= |izo| — | ne | 


Static Drain-Source On State 
Resistance (2) — 


Rpsion) 


Vpp =0.5 BVpss, |p =7.0A, Zo = 50 2 
(MOSFET switching times are essentially 
independent of operating temperature.) 


Vas =5V, Ip =13A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


THERMAL RESISTANCE 


Junction-to-Case 


Rthcs Case-to-Sink 


ae Tae Mounting surface flat, smooth, and greased 
Rthua Junction-to-Ambient | — | — | 80 | Kw Free Air Operation 
Notes: (1) Tj =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL530/IRL531 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTIC 


Continuous Source Current 13 A Modified MOSFET 
(Body Diode) 


symbol showing the 
Pulse Source Current integral reverse 
(Body Diode) (3) 


P-N junction rectifier 
Diode Forward Voltage (2) 
Reverse Recovery Time 


Soca Ts 
Notes: (1) Tj =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


=25°C, Is =13A, Vas =0V 
25°C, Ip =13A, di¢/dt=100A/ys 


ELECTRONICS 


N-CHANNEL 
IRL530/IRL531 LOGIC LEVEL MOSFET 


=a suena ce 
mi Coco mall 


: 
g 
< 
cre ais Sli hl ls eet eee SE! 
rs ~ manne 1 Po 
a= | TT tT TT TT 
bo a oe a ITT tT TE TT 
Ey | LTD ill 
Ww 2 a 
as | NOTES 
Nu tT | 
22 oe Lt} ees ! 
© is t { { { n 
oz [ s a a if {Tt | | ee tho al 
=2 0.05 aX tA Ty re ae i a 4 i 
Sui Ltd 4 SINGLE PULSE (TRANSIENT _ ann LTT 2 || 
gt pa TT THERMAL IMPEDANCE) { Lt Li Li ‘, | 
> LT | | rr 1. Duty Factor D= 4 | 
2 0.02 = | ++ - + —t— i - t— + ft ttt 2. Per Unit Base=Rinjc =1.0 Deg. C/W 
001 ail I lime l 


10-5 5 2 5 10-2 5 10-2 2 5 10°" 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Vgs0, f=1MHz 

Ciss =cgs+cgd cds SHORTED 

Crsscgd | | | 

Cosscds+ C9segd 
cgs+cgd 


=cds+cgd 


C. CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


SECC 
ZOCCCC Ty 


0) 10 20 30 40 50 0 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qc, v0. GATE cnaree (nC) 
TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


10/0) oe ee 
ate 


OPERATION IN THIS AREA 
Is LIMITED BY Rpgvon) 


1 a a 
rs 
re a a 
ATTY To=25°C 11+ 
ral Ty =150°C Max TTT 
Rthuc =1.67K/W 


x a 
PT} TINT TT 
pad Np 


eae. Hoo 
a 
= 


Pett — 


= 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 


ret ——t 14 
1227s ee ae 
aan a a 
100 ee a 
saiiiimiiiimaiii 
0.1 0 30 60 90 120 150 
Vps, DRAIN-TO-SOURCE peas (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


N-CHANNEL 
IRL530/IRL531 LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) 


Vas(th), GATE THRESHOLD VOLTAGE (NORMALIZED) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty. JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE. 


80us PULSE TEST 


Vos >|pion) x Roson) M 


Ip, DRAIN CURRENT (AMPERES) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 
(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


N-CHANNEL 
IRL540/IRL541 LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


MAXIMUM RATINGS 


Characteristic | Symbol | —_IRL530 IRL531 =| ~—sUnits | 
Drain-Source Voltage (1) Noss | 100 


Drain-Gate Voltage (Res =1.0MQ) (1) VpaGrR 
Gate-Source Voltage Ves 
Continuous Drain Current Tc =25°C Ip 


+ 
Drain Current — Pulsed (9 a A 


Total Power Dissipation @ Tc =25°C Pp 
| Derate above 25°C 
Operating and Storage _ 
Junction Temperature Range Ty, Tstg cakes 


Maximum Lead Temp. for Soldering + 
Purposes, 1/8” from case for 5 seconds . 
Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL540/IRL541 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACT ERISTICS (Tc =25°C unless otherwise specified) 


Symbol | Characteristic /Min | Typ | Max | Units | Test Condition 
BV Drain-Source IRL540 100 Vv Ves =0V 
DSS | Breakdown Voltage IRL541 80 Ip =250yA 


Gate Threshold Voltage (toy = | 2.0 Vos =Ves, Ip =imA 
lass 


Gate-Source Leakage Forward 100 Vas =15V 


less Gate-Source Leakage Reverse 
Zero Gate Voltage 
Drain Current 


F250 | nk |Voo=Max Rating Vos=OV 


Vps 2 !pon) x Ros(on)max. Vas =5.0V 


>| Ves =5.0V, Ip =12A 


Vps> 25V, Ip =12A 


NO 


Vas =O0V, Vos =25V f=1.0MHz 


~ Cou | Revere Tanser Capacitance | — | 160 — | pF 
Turn-On Delay Time | — | — | 30 | ns | 
| Rise Tne SS 
~taon | Ton OfDelayTine | | | 

Fall Time | = | 
a emg 
Op | GateSouce rage | 
Qos eS 


Gate-Drain Charge 


Vpp =0.5 BVpss, Ip =12A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature.) 


Vas =5V, Ip =24A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


THERMAL RESISTANCE 


Case Sink C= [os | —_ 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Mounting surface flat, smooth, and greased 


ELECTRONICS 


N-CHANNEL 
IRL540/IRL541 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Ic Continuous Source Current _ Ser Modified MOSFET : 
_| (Body Diode) symbol showing the (i) 


Pulse Source Current integral reverse _ 
Ism (Body Diode) (3) _ 96 A | P-N junction rectifier 
Vsp Diode Forward Voltage (2) _ 25 V Tc =25°C, Is =24A, Vas =0V 
tr | Reverse Recovery Time ey 500 | ns_ | 1)=25°C, Ip=24A, dir/dt=100A/pS 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
IRL540/IRL541 LOGIC LEVEL MOSFET 


10 = ae =o oH 2 eee eee ae a ls es anna — a a oso ma nas =— ae =a aeaee:! 

0.5 soit memes i ea an ee SHS es 
A ee it 2 es ee HHT Ht 
Sern — Ther TU Pr 

Sinn een 


mm venaiiiil eer 

roe er I 

tt a pr tt HH = 
I 


iene quassse ss aa 2 Oe en ee a eS ee 
20.02 er aim porn tt Secctiinn 


angen ie as Ss | Va 
=a iin Ceesttiee em tTTI AMATI 


0.1 


THERMAL IMPEDANCE (PER UNIT) 


i” a 1. Duty Factor, D= 
B= bait rts eine cco eo et i 
0.02777 TTTHTT)_|_tHermacimpepancey | | 111 [ff StuleePa an 


ZtnscityRtnuc, NORMALIZED EFFECTIVE TRANSIENT 


10° 5 10% 2 5 © 62 5 107 2 5 10° 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


Ves0, f=1MHz 

Ciss =cgs+cgd cds SHORTED 

Crsscgd 

Cogscds+ C9S*cgd 
cgs+cgd 


=cds+cgd 


| | x 
TT even 
| | A vere | 


C. CAPACITANCE (pF) 


fila |i | lt 
PREREEE 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


0 i= a) 40 50 
el DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


10 


aon 

a a oe 
[TT OPERATION IN THIS AREA Ht 
—— IS LIMITED BY Ros(on) Ht HY 


RRR ER 
PPRCEEEEEP 


‘ eo cette waht 
g = eee F 
go Perce EYL ENE TL 
a SS SS SS 
% a sees) > 
= = e 
z < 
x a 
: : 
z gj 
= $ 
a f=) 
= a 

0.1 
1.0 5 10 20 50 100 200 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


IRL540/IRL541 


N-CHANNEL 
LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) Ip, DRAIN CURRENT (AMPERES) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


80us PULSE TEST 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


| | I | Ty =125°C 
ftoepuseres fF enna | 
ee ae ee 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


Vasith), GATE THRESHOLD VOLTAGE (NORMALIZED) 


Ty. JUNCTION TEMPERATURE (°C) 
GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE. 


tf dvesten | 
me ee 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (2) 


0 10 20 30 40 50 
Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


- 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


ELECTRONICS 
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N-CHANNEL 
IRL610/IRL611 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 
Per teenber_{_Yon_ Poneto 


MAXIMUM RATINGS 
-__Gharecterle__|__Symbot_[|__wmuvo _ | _onuer_|__units_ 
80 |e 


Drain-Source Voltage (1) 

Drain-Gate Voltage (Ras =1.0MQ) (1) 
Gate-Source Voltage 

Continuous Drain Current Tc =25°C 
Continuous Drain Current Tc =100°C 
Drain Current — Pulsed (3) 

Total Power Dissipation @ Tc =25°C 
Derate above 25°C 


Operating and Storage 
Junction Temperature Range 


— 55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


300 
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ELECTRONICS 


N-CHANNEL 
IRL610/IRL611 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACT ERISTICS (Tc =25°C unless otherwise specified) 


Symbol ee 

vm [Eine RSE [=| v 
Breakdown Voltage IRL611 IpD= 250uA 

lass Gate-Source Leakage Forward Sees 

a 


lass Gate-Source Leakage Reverse 


pA 
2 Vps =Max. Ratingx08, Ves =OV, Tc =125°C 


Vps = |p(on) X Rosonymax. Vas =5.0V 


lDss__| Zero Gate Voltage 
Drain Current 


ID(on) On-State Drain Source Current (2) 


Static Drain Source On State 


Rosin) | Resistance (2) Vas =5.0V, Ip =1.0A 
Ofs Forward Transconductance (2) Vos >50V, Ip =1.0A 
Ciss Input Capacitance 


Coss Output Capacitance Vas =0V, Vos =25V f=1.0MHz 


Crss Reverse Transfer Capacitance 


ta(on) Turn-On Delay Time 


Vpp =0.5 BVpss, Ip =1.0A, Zo =15 2 
(MOSFET switching times are essentially 
independent of operating temperature.) 


tr Rise Time 


ta(off) Turn-Off Delay Time 


ty Fall Time 
Qg Total Gate Charge 


Ves =5V, Ip =2.6A, Vps =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


Qgs Gate Source Charge 


Qga Gate Drain Charge 


THERMAL RESISTANCE 
Rthuc Junction-to-Case 
Rthcs Case-to-Sink dats surface flat, smooth, and greased 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL610/IRL611 LOGIC LEVEL MOSFET 


omen DIODE RATING AND CHARACTERISTIC 


a ace as ae ee 


(Body Diode) symbol showing the 
Pulse Source Current integral reverse : : 
(Body Diode) (3) 


P-N junction rectifier 


eT ee 
te [Reverse Recovery Tine | — | 150 | — | ne | Tin25*C r=, detn10005 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL610/IRL611 LOGIC LEVEL MOSFET 


wr 
0.1- 7 et ae 


PV LLNS See pute TRANSIENT PT tt 


0.01 TT TTT THERMAL IMPEDANCE mall 
COE COE orn 


107s 6 10° 2 5 107 2 10° 2 5 1 2 5 10 
an SQUARE a PULSE DURATION eno 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


1. Duty Factor. D=_t1 
t 


2 
2. Per Unit Base=Rtnsc =1.0 Deg. C/W. TI 
3. Tym-Tc =Ppm Zinc (t). 


ZrnscityRthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Ves0, f=1MHz 
Ciss =cgs+cgd cds SHORTED 
Crsscgd | | 
Cosscds+ C9S*egd 
cgs+cgd 


=cds+cgd 


C. CAPACITANCE (pF) 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


| a a SS 
Sedkeeicetpetarrett rath ttvartheumaike 


as 
ae 
OPERATION IN THIS AREA 
IS LIMITED BY Roscon) SS 


att 


a 4 
Ww - 
a 1.0]— — 4H 2 
a 

=z Oy 5 
= i Ty =150°C Max. F 
é rT ]Rtnc =1.0K/W a 
x SINGLE PULSE ® 
ie | | ® 
= | a 
2 & 
z 

< > 
s e 

oe =a 
” AiiNiiemmatii i ail 
1.0 100 200 
Vos, mene -TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


N-CHANNEL 
IRL610/IRL611 LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) 


Vesith), GATE THRESHOLD VOLTAGE (NORMALIZED) 


50 0 50 100 150 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty. JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


80us PULSE TEST 


Ip, DRAIN CURRENT (AMPERES) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 
Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


- 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


FEATURES 


N-CHANNEL 
RL620/IRL621 LOGIC LEVEL MOSFET 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
TO-220 Package 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


IRL620 


IRL621 


MAXIMUM RATINGS 


Characteristic Symbol | iRus20_ | IRLG21_—|—Units 

Drain-Source Voltage (1) | 200 150 Vdc 
Drain-Gate Voltage (Res =1.0MQ) (1) 200 150 Vdc 
Gate-Source Voltage Vdc 
Continuous Drain Current Tc =25°C 4.0 i Adc 
Continuous Drain Current Tc =100°C Adc 
| Drain Current — Pulsed (3) a Adc 
Total Power Dissipation @ Tc =25°C Watts 
Derate above 25°C bea Wwi°C 


Operating and Storage 
Junction Temperature Range 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


the” 
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ELECTRONICS 


N-CHANNEL 
IRL620/IRL621 LOGIC LEVEL MOSFET 


ELECT RICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


"Symbol | __Characteratic ‘| Min | Typ | Max | Units | _—‘TestCondition 
Drain-Source IRL620 He eg Vas =0V 

Breakdown Voltage IRL621 150 Ip =250yA 
Gate Threshold Voltage h10; — | 20 | v | Vos =Ves, Ip =1mA 
ee a 2 


Zero Gate Voltage Se 
Drain Current 
Ipjon) | On-State Drain Source Current (2) 
R Static Drain Source On State 
DS(on) | Resistance (2) 
Forward Transconductance (2) 
Ciss Input Capacitance 
Coss Output Capacitance 


Crss Reverse Transfer Capacitance 
ta(on) Turn-On Delay Time 


Vpp =0.5 BVpss, Ip =2.0A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature.) 


ons 
Total Gate Charge | — | 15 | 17 | nc | 
‘Gate Source Charge | — | 85) — | nO 
GateDrain Charge | — 83) — | nO 


Vas =5V, lp =4.0A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


[sll 
Rc _|Caseiosink ——~—=«| — | 08 | — | KW | Mounting surlace at emoat, nd rased 
Sac 


Rthuc 


Free Air Operation 


Rthuc Junction-to-Ambient 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL620/IRL621 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (3) 


Diode Forward Voltage (2) 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junction rectifier 


=25°C, Is =4.0A, Vas =0V 
=25°C, Ir =4.0A, dir/dt=100A/nS 


Reverse Recovery Time 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRL620/IRL621 


N-CHANNEL 
LOGIC LEVEL MOSFET 


S CAPACITANCE) ZthucetRthuc, NORMALIZED EFFECTIVE TRANSIENT 


Ip, DRAIN CURRENT (AMPERES) 


THERMAL IMPEDANCE (PER UNIT) 


a 


Lob ++ 1. Duty Factor. D=_t1 


|_| Hill t2 


2 5 10° 2 5 


H 2. Per Unit Base=Rinjc = 1.0 Deg. C/W. 
Jatt Hl =! sey =Popm ZinJc (t). 


10° 2 5 10°! 2 5 1 2 5 1 


(ey) == i 


ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


1000 
Ves0, f=1MHz 
Ciss =cgs+cgd cds SHORTED 
Crsscgd | | | 
Ciss =Cgs +Cgq , Cas SHORTED 
800 Crss =Cgq Cc 3 —-C d 


Coss =Cas + Cos +05 =Cgs +Cgq 


0 10 20 30 40 50 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE 


|_] OPERATION IN THIS AREA IS 
oH LIMITED BY Rosjon 
—~s 
abi EAT 
= Ze 


ly 
LT 
Sanee8 


| 
Ct 


Pate a 
; )———== a 
ot A Hae ee = 
ett at 
Pia rT 


To =25°C 

Ty =150°C Max. 
Rthuc =2.9K/W 
SINGLE PULSE 


ae 


Vos; siemnenigiaiiet VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA 


ELECTRONICS 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 8 16 


Qg, TOTAL GATE CHARGE (nC) 
TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


20 


Pp, POWER DISSIPATION (WATTS) 


FEE RSE 
COOH rs 


60 90 120 150 


Tc, CASE TEMPERATURE (°C) 
POWER Vs. TEMPERATURE DERATING CURVE 
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IRL620/IRL621 


N-CHANNEL 
LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) Ip, DRAIN CURRENT (AMPERES) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


80us PULSE TEST 
4 4 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


80us PULSE TEST 


Vos > !p(on)  Rpsionymax 
fn 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


"40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


0.8 


Vas(th), GATE THRESHOLD VOLTAGE (NORMALIZED) 


0.6 
- 50 0 50 100 150 


Ty. JUNCTION TEMPERATURE (°C) 
GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 


Rpson), DRAIN-TO-SOURCE ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


ELECTRONICS 
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N-CHANNEL 
IRL624 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 

Logic level operating 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 
_PartNumber Vos Roston_|__lovon)_ 


IRL624 | 250V | 


MAXIMUM RATINGS 


Characteristic Symbol IRL624 Units 
Drain-Source Voltage (1) | Voss 250 Vdc 
| Drain-Gate Voltage (Ras =1.0Mq) (1) VparR 250 | Vdc 
Gate-Source Voltage Vas +15 Vde 
Continuous Drain Current Tc =25°C | Ip | 3.3 Adc 
Continuous Drain Current Tc =100°C Ip 2.1 Adc 
_Drain Current — Pulsed (3) L IDM | 13 if Adc 
Gate Current — Pulsed lam | +1.5 Adc 
Single Pulsed Avalanche Energy (4) | Eas 85 mJ 
Avalanche Current las | 3.3 | A 
Total Power Dissipation @Tc =25°C Pp 40 Watts 
Derate above 25°C | { | 0.32 | W/°C 
ee. eg -ssi0 80 
Pafaanasy acter exe lors canon Ti 300 °C 


Notes: (1) fy =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction 
temperature 
(4) L=12mH, Vag =50V, Re =250, STARTING Tj =25°C 
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ELECTRONICS 


N-CHANNEL 
IRL624 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Tevoss | ran Source Seakdownvotage [250 | — | — | _V | VesnOW na250en 
20 


Vash) | Gate Threshold Voltage 1.0 Vps =Ves, Ip =1mA 


lass Gate-Source Leakage Forward Bee A Ves =15V 
less Gate-Source Leakage Reverse | fe | n Ves =-15V 


Ipss Zero Gate Voltage Vos =Max. Rating Vas =0V 


Drain Current 


< 


A 
pA 


Vos =Max. Ratingx0.8, Ves =OV, To =125°C 


: oo 
p ro) 


| 1000 
ID(on) On-State Drain Source Current (2) [= | A | Vps = |pion) X Rosion)max. Vas =5V 
R Static Drain Source On State 
OS(en) | Resistance (2) 13 Ves =5V, Ip =1.7A 
Ofs Forward Transconductance (2) 1 (35; — | o | Vps2= Ipion) X Rosion)Max., Ip =1.7A 
Coss Output Capacitance | — | 55 | — | pF | Vas =O0V, Vos =25V f=1.0MHz 
Crss Reverse Transfer Capacitance | — | 20 | — | pF | 
ta(on) Turn-On Delay Time 17 | ns | 
t, Rise Time 36 ons | Vpp =0.5 BVpss, Ip =1.7A, Zo =18 2 
(MOSFET switching times are essentially 
tao) | Turn-Off Delay Time 40 ons | independent of operating temperature.) 
tt | Fall Time 20 | ns | 
Total Gate Charge 14 nC 
(Gate-Source Plus Gate-Drain) Vas =5V, Ip =3.3A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
| Qys__| Gate Source Charge | — | 22 | 60 | nc | ccerating temperature) 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink Mounting surface flat, smooth, and greased 


Junction-to-Ambient Free Air Operation 


Notes: (1) Ty=25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction 
temperature 
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ELECTRONICS 


IRL624 


N-CHANNEL 


LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTIC 


‘unis | Test Gondion 


A Modified MOSFET 
symbol showing the 
integral reverse 

A P-N junction rectifier 


V To =25°C, Is =3.3A, Ves =0V 


Tj =25°C, Ir =3.3A, dir/dt=100A/uS 


Symbol Characteristic Min | Typ 
Continuous Source Current = = 3.3 
. (Body Diode) | 
| | Pulse Source Current _ = 13 
mM (Body Diode) (3) | | 
Vsp Diode Forward Voltage (2) — — 1.8 | 
ter Reverse Recovery Time —_ 180 — ns 
Notes (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction 
temperature 
80us PULSE TEST 
Vos > |ps(on)XRos(on) Max 

B g 
Ei ib 
S F 
< — 
= = 
is re 
3 3 
z z 
< 3 
= a 


Ip, DRAIN CURRENT (AMPERES) 


40 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL OUTPUT CHARACTERISTICS 


60 80 100 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


Ip, DRAIN CURRENT (AMPERES) 


— aa Senn 

— = eae 

— se aa ATI TT RS 

5 ee mine ths 
os PS ro 


LTT 
pan Hu 


Pt 1. 25°C =o sth 
5 oo 1 =150°C HHH INT TT 
+ Rthuc =3.12K/W + 7 SST 


0.14.0 


a eae -TO- pounce — (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


aa cae 
NN oo jt fy 


| | SINGLE PULSE Milli 


100 
Vos, panes -TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA 
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N-CHANNEL 
IRL624 LOGIC LEVEL MOSFET 


ttt 
: or 
Ji tt 


+ 


seerseee 
TATE 


tt SINGLE PULSE l : a 1. Duty Factor. D=_t 


| 
THERMAL IMPE te | 
- Lida BU LAL at - ~ 7 1 — 2. Per Unit Base=Rinsc =1.0 Deg. C/W. i 
| | ; +— 3. nt =Pom Ztnsc (t). 


O° Ss to* 2 5 10° 2 5 10° 2 5 10°' 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


ZthscityRthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


8us PULSETEST | 
Vos > Deeripesais 


9fs, TRANSCONDUCTANCE (SEMENS) 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSCOUNDUCTANCE Vs DRAIN CURRENT 


1.25 


) 


ar 
Oo 
oO 


(NORMALIZED 


(NORMALIZED) 


° 
© 
an 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 


0.85 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


- 40 0 40 80 120 160 
ipr, REVERSE DRAIN CURRENT (AMPERES) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


IRL624 


N-CHANNEL 


LOGIC LEVEL MOSFET 


C. CAPACITANCE (pF) 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Pp, POWER DISSIPATION (WATTS) 


Ciss =cgs+cgd cds SHORTED 
Crss =cgd 
Ciss =Cgs +Cgg , Cag SHORTED 


Crss =Co Cgs —C 
Coss @Cac4 — =Cas +Cga 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE 


PULSE OF 2.0uS DURATION 


4.6 INITIAL T,=25°C CHERTING 


AL 
Perey 
a ee 

/ 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


0 =— 20 40— 0B 100 120140 160 
Tc, CASE TEMPERATURE (°C) 
POWER Vs. TEMPERATURE DERATING CURVE 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Ip, Drain Current (Amperes) 


a > 
‘4 


" 
La 


-) 


Qe, A GATE orcad (nC) 


| 
COEECEey 
LL Titi Tit ty 


25 125 
Te, ea Tebeenarue (°C) 


TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


MAXIMUM DRAIN CURRENT Vs. CASE TEMPERATURE 
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N-CHANNEL 
IRL630/IRL631 LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
TO-220 Package 


1.Gate 2. Drain 3. Source 


PRODUCT SUMMARY 
PartNumber | _Vos__|Roston, | toon) _| 


IRL630 200V 


IRL631 


MAXIMUM RATINGS 


Characteristic | Symbol |LOSS IRL@31 | Units 
Drain-Source Voltage(1) oss | 200 | 80] 
Drain-Gate Voltage (Ras=1.0MO)(1) | og =| 200 | 150 | 
GateSource Voltage | os | | 
Continuous DrainCurrentTo=25°C | tm | || 
Continuous Drain Current To=t00°C | | || 
DrainCurrent—Pulsed (3) | tw ||| 


Total Power Dissipation @ Tc =25°C 75 Watts 
Derate above 25°C 0.6 WiC 
Operating and Storage ‘. 
Junction Temperature Range Ty, Tstg C 
Maximum Lead Temp. for Soldering T °C 
Purposes, 1/8’ from case for 5 seconds . 

Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
IRL630/IRL631 LOGIC LEVEL MOSFET 


ELECT RICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


BV Drain-Source IRL630 200 _ Vv Ves =0V 
DSS | Breakdown Voltage IRL631 150 _ Ip =250yA 


Vesth) | Gate Threshold Voltage 10] — | 20) v | Vos =Ves, Ip =1imA 


less Gate-Source Leakage Forward — — 100 nA Ves =15V 
lass Gate-Source Leakage Reverse — — | -100 Ves =-15V 

Zero Gate Voltage vA __| Vos=Max. Rating, Ves =0V 

Drain Current . mA | Vps=Max. Ratingx0.8, Ves =OV, Tc =125°C 
ID(on) On-State Drain-Source Current (2) 8.0 a _ A Vps = |D(on) X Roson)max. Vas =5.0V 


Static Drain-Source On State 
_ — V OV, Ip =4.0A 
Ros(on) Resistance (2) v BSS 


ene cepstce = two | or 
[Gam [Reverse Tanater Gapaciancs | — | so | — | oF 
Tidy [Turon Deyo «| = | — | 0 | ne 


(MOSFET switching times are essentially 
taony | Turn-Off Delay Time | — | — | 50 | nS | independent of operating temperature.) 
Qg Total Gate Charge — 19 30 nC Ves =5V, Ip =8.0A, Vps=0.8 Max. Rating 
Qgs Gate-Source Charge f/—~j|o |] — | nC (Gate charge is essentially independent of 
Qoa Gate-Drain Charge — 10 — nC operating teraperatung) 
THERMAL RESISTANCE 


Ar [anciontocae Sid =] [wl 
An [Caseiosink | — | 08 | — | KW | Mouning aura fa cu and geaeed_ 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRL630/IRL631 


N-CHANNEL 
LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


| Symbol 


Is 


| (Body Diode) (3) 


(Body Diode) 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width < 300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Characteristic Min | Typ | Max | Units Test Condition 
Continuous Source Current _ _ 8.0 A Modified MOSFET 
symbol showing the 

Pulse Source Current integral reverse 

= — 32 A P-N junction rectifier 
Diode Forward Voltage (2) — — 2.0 V To =25°C, Is =8.0A, Vas =0V 

+- — — 

Reverse Recovery Time — | 450 — ns Tj =25°C, Ir =8.0A, dir/dt=100A/uS 


erhenanad 
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N-CHANNEL 
IRL630/IRL631 LOGIC LEVEL MOSFET 


rt 1. Duty Factor. D= 
r SINGLE PULSE (TRANSIENT | ti 
Ls eatin IMPEDANCE) CCT : 9 om si i al Deg. C/W 
© Town lo ™F om Stnuc (- 


ZnscityRinsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10° 5 10% 2 5 10% 9 5 107 2 5 10° 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction-to-Case Vs. Pulse Duration 


Ciss =Cgs +Cgg , Cag SHORTED 


Crss =Cga Cgs Coa 
Coss =Cas + Cgs +Cga 


C. CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) | Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


g E 
z 

z 
= si 
zZ HI é 
Ww = 
e o 
3 Tj =150°C Max. . 
z Rthuc =1.67K/W Ww 
< = 
= 5 
Q a 
s é 

LI 1000 0 120 NI 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Te: cen a... (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


N-CHANNEL 
IRL630/IRL631 LOGIC LEVEL MOSFET 


co a 

Hee 
Y 

Soe) Secon 


Ip, DRAIN CURRENT (AMPERES) 


Vestn), GATE THRESHOLD VOLTAGE (NORMALIZED) 


0 2 4 6 8 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty. JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


cosruserest | ff fF —tnare | 


a a Ty =25°C 


nm, Vos > Ip(on) * Rosion) max 


nn Pn 
| tA tT | 
a iP 
o/s 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


COE 
COCCC aT 
COCA 
COCOA 
COOATOOE 
TA ee 

ZC 


Ip, DRAIN CURRENT (AMPERES) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (0) 


2.5 


1.10 


=< 
So 
a 


(NORMALIZED) 


\ 

\ 
Cr 
co 
an 

iT) 
an 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


40 80 


- 40 0 


0 40 80 


120 0-40 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


N-CHANNEL 
IRL640/IRL641 LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
TO-220 Package 


1.Gate 2.Drain 3. Source 


PRODUCT SUMMARY 
_PartNumber | Vos__| Rosier) | loon) _ 


MAXIMUM RATINGS 
sete [ata ses Units 


Drain-Source Voltage (1) Vpss 
Drain-Gate Voltage (Ras =1.0MQ) (1) VpGrR 
Gate-Source Voltage 


Vas +15 
Continuous Drain Current Tc =25°C ip Bt Adc 
Continuous Drain Current Tc =100°C ee ee ee ee | Adc 
64 64 


Drain Current — Pulsed (3) Adc | 
Total Power Dissipation @ Tc =25°C Watts 
Derate above 25°C /°C 
Operating and Storage - 
Junction Temperature Range Ta aad C 
Maximum Lead Temp. for Soldering T °C 
Purposes, 1/8” from case for 5 seconds . 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRL640/IRL641 


N-CHANNEL 
LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Symbol Characteristic Min | Typ | Max | Units | Test Condition 
BVoca | Drain-Source IRL640 200 V Ves =0V 
DSS | Breakdown Voltage IRL641 150 Ip =250pA 
Vithy | Gate Threshold Voltage 10 | — | 20 | V_ | Vps=Ves, lb=1mA 
lass Gate-Source Leakage Forward | — | — | 100 | nA Ves =15V 
lass Gate-Source Leakage Reverse - 100 nA Vas =-15V 
| Drain Current — | — | 1.0 | mA | Vpg=Max. Ratingx0.8, Ves =OV, To =125°C 
ID(on) On-State Drain-Source Current (2) 16 -— — A Vos = |pion) X Ros(on)max. Vas =5.0V 
R Static Drain Source On State 
Oeien) | Resistance (2) we | ome | OOP Vas =5.0V, Ip =8.0A 
Ofs Forward Transconductance (2) 9 —_ —_ (0) Vos > 50V, Ip =8.0A 
T = 
Ciss Input Capacitance — | 1400 = 
Coss | Output Capacitance — 240 — Vas =OV, Vos =25V f=1.0MHz 
Crss Reverse Transfer Capacitance _ 90 {| - pF 
| T 
td(on) Turn-On Delay Time — _— 30 ns 
t, Rise Time = — 60 ns Vpp =0.5 BVpss, Ip =8.0A, Zo =50 2 
| t (MOSFET switching times are essentially 
tao) | Turn-Off Delay Time = | = 80 ns | independent of operating temperature.) 
tf Fall Time —_ ae 60 | _ns 
ay _ | Se Baleares —_| 4 | =~ | | yep e8¥ Ip = 4A, Vos =0.8 Max. Rating 
Qgs Gate Source Charge — 9 — nC (Gate charge is essentially independent of 
Qga Gate Drain Charge = 35 — nc si labia: ional: 
THERMAL RESISTANCE 


Junction-to-Case 


K/W 


Rthcs Case-to-Sink 


Rthua Junction-to-Ambient 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Mounting surface flat, smooth, and greased 


Free Air Operation 
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N-CHANNEL 
IRL640/IRL641 LOGIC LEVEL MOSFET 


eo DIODE RATING AND CHARACTERISTICS 


a an 


(Body Diode) symbol showing the 
Pulse Source Current 64 
(Body Diode) (3) 


integral reverse 

P-N junction rectifier 
Diode Forward Voltage (2) eee To =25°C, Is =16A, Vag =0V 
ae | Reverse Recovery Time | — | 650| — | ns | T; =25°C, Ir =16A, dir/dt=100A/yS 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
IRL640/IRL641 LOGIC LEVEL MOSFET 


ao 
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aeee =e see en ae 
05 a poms Poy = nh Pht ae eee 
a eee eas Be —_ Po a 
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NOTES 
— peo. ost4 = H = 
os ae ian =aan 
005 meee | wr | 
3299" 7 ill Cot ° 


4. Duty Factor. p=! 
t 


0.02 SINGLE PULSE TRANSIENT 


Se Et Bs 


107s 5 10° 2 5 10° 2 5 10? 2 5 10°! 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
Maximum Effective Transient Thermal Impedance Junction- to-Case Vs. Pulse Duration 


ZinscityRthsc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


Cas Coa 
Coss =Cas + “Coe Cog =Cas 


C. CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


i 


10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qc, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


g g 
: : 
a . = 
z = 3 
E im F 
OPERATION IN THIS i= D 
& AREA IS LIMITED IN] a 
z J : 
Ps NG 9° 
= a 
gp: a . 6 
= Rihuc =1.0K/W t++—~ a 
SINGLE PULSE iT 
; To 
0 30 60 90 120 150 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


IRL640/IRL641 


80us PULSE TEST 
ae 


Ip, DRAIN CURRENT (AMPERES) 


0 1 2 3 4 5 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


| | [| | eel | 


Ty =125°C 
80s PULSE TEST - 


Th 
Pt fee 1 
eee aoe 


25 


20 


Vos > |p(on) x Rosion) Max 


Ip, DRAIN CURRENT (AMPERES) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


ry 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


— 40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


ELECTRONICS 


Vesith), GATE THRESHOLD VOLTAGE (NORMALIZED) 


N-CHANNEL 
LOGIC LEVEL MOSFET 


50 0 50 100 150 


Ty. JUNCTION TEMPERATURE (°C) 


GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


Ip, DRAIN CURRENT (AMPERES) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


0 5 10 15 20 25 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (0) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


- 40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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IRLR0O10/014 N-CHANNEL 


IRLU010/014 LOGIC LEVEL MOSFET 
——— 


FEATURES 
e Lower Ros (ON) 
e Excellent voltage stability 
¢ Fast switching speeds 
¢ Rugged polysilicon gate cell structure 
e Lower input capacitance 
e Extended safe operating area 
e Improved high temperature reliability 
e D-PAK/I-PAK 
IRLRO10/014 

PRODUCT SUMMARY 

PartNumber | Vos Rosvon) ID(on) 
-IRLRO14/IRLU014 =—s—- 6OV 0.300 6.7A 
| IRLRO10/IRLU010 | 50V 0.300 6.7A 


IRLU010/014 


MAXIMUM RATINGS 


IRLRO10 
IRLUO10 


IRLRO14 


Characteristic Symbol IRLUO14 


f Drain-Source Voltage (1) 
_ Drain-Gate Voltage (Ras =1.0M®) (1) 
Gate-Source Voltage 

| Continuous Drain Current Tc =25°C 


_ Continuous Drain Current Tc =100°C 
| Drain Current—Pulsed (3) 

"Total Power Dissipation @ Tc =25°C a 25 Watts 

_ Derate above 25°C ‘ 0.20 | WwieC 


| Operating and Storage 7 e 

| Junction Temperature Range Ty, Tstg 55 to 150 : Cc 
Decl ase eins 7 

| 


| Maximum Lead Temp, for Soldering T 300 
Purposes, 1/8” from case for 5 seconds ‘ 


Notes: (1) Ty = 25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLRO10/014 N-CHANNEL 
IRLU010/014 LOGIC LEVEL MOSFET 


Drain Source 
Breakdown Voltage 


1.0 mA_ | Vps=Max. Ratingx0.8, Ves =OV, To = 125°C 


= 
Ez 
& 
Ea 
“Tae A | Vos2lo1en)xRosionmmax Vas=50V 
ey 
400 _ 


p- [a | 
090) a Ves =5.0V, Ip =4.0A 
= | 8 | Voset8Vlo=40A 


Ves =OV, Vos =25V, f=1.0MHz 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 
Symbol | Characteristic Min | Typ | Max | Units | Test Condition 
IRLRO14 | 60 
IRLUO14 | 60 V 
IRLRO1O | 50 
IRLUO10 | 50 
Gate Threshold Voltage h140|— | 20] v | Vos =Ves, Ip =1.0mA 
Gate-Source Leakage Forward 100 | nA | Ves = 15V 
Gate-Source Leakage Reverse 100] nA Ves =-15V 
Zero Gate Voltage 250 | uA Vos =Max. Rating Vas =OV 
Drain Current 
ID(on) On-State Drain-Source Current (2) 
R Static Drain-Source On-State 
DS(on) | Resistance (2) 
Forward Transconductance (2) : 
Ciss Input Capacitance 
Coss Output Capacitance 
Crss Reverse Transfer Capacitance = | 50) — | pF 


BS 
ro) N 


Tv 
al 


ta(on) | Turn-On Delay Time |} — | 12 | 20 | ns | 
Rise Time = | 95 | 50 | ns 
tot) | Turn-OffDelayTime || 85 | 80 | ns 
FalTime 
TotalGateCharge | = | = | 10 | ne 
rea 
eS 


Vpp =0.5 BVpss, |p =4.0A, Zo =500 
(MOSFET switching times are essentially 
independent of operating temperature) 


Ves =5V, Ip =6.7A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


7 [= [re | 
Gate-Drain Charge te | | ae 


THERMAL RESISTANCE 


Rthuc Junction-to-Case 


Rthcs Case-to-Sink 
Rthua Junction-to-Ambient 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Mounting surface flat, smooth, and greased 
Free Air Operation 


| = | = | 50 | kw | 
p= | 7 | = | Kw | 
= | = | 0 | Kw 


ELECTRONICS 


IRLRO10/014 N-CHANNEL 
IRLU010/014 | LOGIC LEVEL MOSFET 


——e DIODE RATINGS AND CHARACTERISTICS 


Characteristic ae Be | | ee Test Condition 
(Body Diode) symbol showing the @ 
Pulse Source Current D7 integral reverse ‘ 
(Body Diode) (3) 


P-N junction rectifier 


Notes: (1) T y =25°C, to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse with limited by max. junction temperature 


PSnmsuncg ° 
ELECTRONICS | 


IRLRO10/014 N-CHANNEL 
IRLU010/014 LOGIC LEVEL MOSFET 


== a aa 
Se ee ee 
a ar) a aa a Sa (Se 
_—_ roe 
St nL 
or | | 


THERMAL IMPEDANCE (PER UNIT) 


—_— _+— 
SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 

a ZF 5 i 7 T TTT TT 


Zthucit)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 


ty | 
-: | 1. Duty Factor D= 4 | 

0.02 deo ok bud t : sald 2. Per Unit Base=Rihuc =1.0 Deg. C/W 
3. Taw:To= Pom Zinc () | 
0.01 | 
10-° 5 2 5 10-3 2 5 10-2 2 5 10°! 2 5 1 2 5 10 


t1. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Paes Pulse Test | 
Vos 2!pion) x Rosion) Max | _ 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 1.5 3.0 4.5 6.0 7.5 9.0 10.5 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


1.25 


a 
uJ 
N 
a ® 1.15 
z 8 
2 $ 
WW = 
8 3 
a zy 1.05 
fe) >> 
= = @® 
a ON 
= o = 
lu ” z 0.95 
cx ° — 
ba -~ 
e = 
ul © 
> Qa 
oO a 
2 2 0.85 
= > 
3 Fa) 
= 

0.75 

- 40 0 40 80 120 160 —40 0) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED V(th) VOLTAGE Vs. TEMPERATURE BREAKDOWN VOLTAGE Vs. TEMPERATURE 
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ELECTRONICS 


IRLR0O10/014 N-CHANNEL 
IRLU010/014 LOGIC LEVEL MOSFET 


(NORMALIZED) 


Rosion), DRAIN-TO-SOURCE ON RESISTANCE (0) 
Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


T,, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


1000 


100 ae) GE NEE AE OS SI wD 8B 
pi tt tt 
a aa aaa ea H+ {+f } +f 4-4 E ceecd 
Pn i! +14 
| JOPERATION IN HIS AREA IS sare BY Ropsvon) OTT Vos0, f=1.0 MHz 
aig iamnitiii + oe ae 


Ciss =Cgs +Cgd Cas SHORTED 
Crss =Cgq 


800 C P 

9s" ~a¢e 

Coss =Cas + Cet Cos Cas +Cga 
Va 


; ue Pf ee 
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= & 600 
= tt — i } 
2 APH u F 
3 io ae G 
: mn 5 
2 sii a) 
< 1 Oo 
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a ——— 
a) 

an | 

a amas | m i 

ST a Te tT _ 
Crss 
siiiimatiiimail | te 
0.1 1 100 0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE eae (VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE Vc. TAGE 


lpr, REVERSE DRAIN CURRENT (AMPERES) 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 0.4 0.8 1.2 1.6 2.0 2.4 0 5 10 15 20 25 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) Cg, TOTAL GATE CHARGE (nC) 
TYPICAL SOURCE — DRAIN DIODE FORWARD VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 
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ELECTRONICS 


IRLRO20/024 N-CHANNEL 
IRLU020/024 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
D-PAK/I-PAK 


PRODUCT SUMMARY 


IRLR0O20/024 


Part Number 


IRLRO24/IRLU024 


IRLRO20/IRLU020 


+ 


50V 


IRLU020/024 


MAXIMUM RATINGS 


Characteristic IRLRO24 IRLRO20 
i ae a 


Drain-Source Voltage (1) | Voss 


Drain-Gate Voltage (Ras =1.0MQ) (1) ee 
_Gate-Source Voltage ves | tt 

Continuous Drain Current To =25°C eS 
Continuous Drain Current Tc =100°C bi de 


| Drain Current—Pulsed (3) | 62 —sd| Ade 
Total Power Dissipation @ Tc =25°C Watts 
Derate above 25°C =. 


Operating and Storage 


Junction Temperature Range Ti AB Bidaialibe 
Maximum Lead Temp. for Soldering 300 °C 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


1 


Oo) 


ELECTRONICS 


IRLR020/024 N-CHANNEL 
IRLU020/024 LOGIC LEVEL MOSFET 
—————————— 


ELECTRICAL CHARACT ERISTICS (Tc =25°C unless otherwise specified) 


Symbol Characteristic Par Test Condition 
IRLRO14 
ms 
IRLRO20 - 
IRLU020 


IRLU014 
Vash) | Gate Threshold Voltage Ieee 


Drain Source 


BVoss Breakdown Voltage 


Zero Gate Voltage 
Drain Current Mean Ratingx0.8, Vag =OV, Tc =125°C 


Ioyon) | ON-State Drain-Source Current (2) a Vs > Ipion) x Ros(onymax. Vas =5.0V 


R , Static Drain-Source On-State _ 
DS(on) Resistance (2) 0.15 Ves =5.0V, Ip =8.0A 


Ofs Forward Transconductance (2) ent = | oe | ow | Vos >15V, Ip =8.0A 
Coss | Output Capacitance — | 250} — | pF | Vas=0V, Vos=25V, f=1.0MHz 
Crss Reverse Transfer Capacitance | — | 120] — | pF | 

ion) | Turn~On Delay Time SSCs 
(MOSFET switching times are essentially 
ta(off) | Turn-Off Delay Time | — | — | 40 | ns | independent of operating temperature) 
1 all Time SScre 
45 _| Wal Gale Change -— | =| 38 [ ac | Vas =5V, Ip =14A, Vos =0.8 Max. Rating 
Gate-Source Charge oe | eT ee. nC (Gate charge is essentially independent of 


THERMAL RESISTANCE 


Rw uunetontoambion | = | — | 10 | KW [Freer Operation 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width < 300us, Duty Cycle< 2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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peamsenad 


ELECTRONICS 


IRLRO20/024 N-CHANNEL 
IRLU020/024 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


i ne 


Modified MOSFET 
showing the 

symbol integral reverse 
P-N junction rectifier 


Reverse Recovery Time | — | — | 300 | ns | Ty =25°C, Ip =14A, dif/dt=100A/uS 
Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Pulse Source Current 
(Body Diode) (3) 


Diode Forward Voltage (2) 


ELECTRONICS 


IRLRO20/024 N-CHANNEL 
IRLU020/024 LOGIC LEVEL MOSFET 


THERMAL IMPEDANCE (PER UNIT) 


Zthsc(t)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 


ty 
1. Duty Factor D= to 
2. Per Unit Base=Rinc = 1.0 Deg. C/W 
3. Tym-To = Pom Ztnsc (t). 


+ 4- = 
HAI 


10-5 5 2 5 10-32 5 10-22 5 10°" 2 5 1 2 5 10 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


I | 


25) 


Ty 
Ty= 


Ip, DRAIN CURRENT (AMPERES) 


Ipr, REVERSE DRAIN CURRENT (AMPERES) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


(NORMALIZED) 


° 
© 


Vas(th), GATE THRESHOLD VOLTAGE 


0.8 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


0.7 


— 40 0 40 80 120 160 ~ =40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED Vth) VOLTAGE Vs. TEMPERATURE BREAKDOWN VOLTAGE Vs. TEMPERATURE 
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ELECTRONICS 


IRLRO20/024 
IRLU020/024 


N-CHANNEL 


LOGIC LEVEL MOSFET 


0.25 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ip, DRAIN CURRENT (AMPERES) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


° 


1000 st ro 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


a eee OPERATION IN THIS AREA IS LIMITED BY Rosion 4 
meee 
pt | aed 


| NI! lees) 
Lt VIET Tt tN 


a a a See 4 +t AS 
a ES E> 5 re ee ee HOR 


Pa A 


| |IRLZ24-4——— 


0.1 


Vos, DRAIN -TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA 


0 0.4 0.8 1.2 1.6 2.0 2.4 


Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


TYPICAL SOURCE — DRAIN DIODE FORWARD VOLTAGE 


C, CAPACITANCE (pF) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


1.6 


NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


Pit} TT tT | A 
PET tT A 


Ty, JUNCTION TEMPERATURE (°C) 


Ves =0, f=1.0 MHz 
Ciss =Cgs +Cgq Cas SHORTED 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Cy, fo18, GATE cians (nC) 


pt tt | 
PEE 


TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE Vc. TAGE 


TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


ELECTRONICS 


§20 


IRLR110/R111 N-CHANNEL 
IRLU110/U111 LOGIC LEVEL MOSFET 


FEATURES 


Lower Robs (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
D-PAK/I-PAK 


IRLR110/111 


PRODUCT SUMMARY 
_PartNumber | Vos | Rosion) | toon) _| 


IRLR110/IRLU110 0.750 = 


IRLU110/111 


MAXIMUM RATINGS 


a ee 
Drain-Source Voltage() | ss | 00 | | 
Drain-Gate Voltage (Ras=10MO)(1) | Voor | 00S | S| 
Gate-Source Voltage Vde 
Continuous Drain Current Tc =25°C a ee ee ee Adc 
Continuous Drain Current Tc =100°C ee ee ee ee) ee Adc 
Draini Current—Pulsed (3) ee er a a 


Total Power Dissipation @ Tc =25°C Watts 
Derate above 25°C Ww/?C 
Operating and Storage _ - 
Junction Temperature Range Ts Tat saadl a C 
Maximum Lead Temp. for Soldering y °C 
Purposes, 1/8” from case for 5 seconds ‘ 
Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLR110/R111 N-CHANNEL 
IRLU110/U111 LOGIC LEVEL MOSFET 


ELECT RICAL CHARACT ERISTICS (Tc =25°C unless otherwise specified) 


IRLR110 
BV Drain Source IRLU110 Ves =0V 
DSS__| Breakdown Voltage IRLR111 Ip = 250uA 
IRLU111 


Vasith) | Gate Threshold Voltage .O ape pao Vps=Ves, Ip =imA 


lass Gate-Source Leakage Forward 


Ves =-15V 
Vos =Max. Rating, Ves =0V 


less Gate-Source Leakage Reverse 


= Zero Gate Voltage 
Drain Current Vos =Max. Ratingx0.8, Vas =OV, Tc =125°C 
Ip(on) | On-State Drain-Source Current (2 Vos > Ip(on) X Rosjonymax., Vas =5.0V 
Static Drain-Source On-State 
Rosin) | Resistance (2) Vas =5.0V, Ip =2.0A 
Ots Forward Transconductance (2) Vos > 25V, Ip =2.0A 
Ciss Input Capacitance 


Ves =OV, Vos =25V, f=1.0MHz 


Coss Output Capacitance 


Crss Reverse Transfer Capacitance 


ta(on) Turn-On Delay Time 
tr 


Vpp =0.5BVpss, |p =4.0A, Zo =15 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


Rise Time 


tavoff) Turn-Off Delay Time 


tr Fall Time 8.0 20 
[cuwsnuve Gage | = [as | = | we 
es 


Vas =5V, Ip =4.0A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


THERMAL RESISTANCE 


Junetionto-Case Sts 2 1 


Case-to-Sink ae en surface flat, smooth, and greased 


Junction-to-Ambient oe Air Operation 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLR110/R111 N-CHANNEL 
IRLU110/U111 LOGIC LEVEL MOSFET 


Symbol 


Continuous Source Current —]-] 40] a Modified MOSFET : 
symbol showing the (a) 
A s 
(Body Diode) (3) 6 
Notes: (1) Ty =25°C to 150°C 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 
(Body Diode) 
integral reverse 
Diode Forward Voltage (2) -— | — | 25 | Vv | Tc=25°C, Is=4.0A, Vas =0V 
(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 


Characteristic /Min | Typ | Max | Units | Test Condition 
Pulse-Source Current 
P-N junction rectifier 
Reverse Recovery Time | — | 230] — | ns | Ty =25°C, Ir =4.0A, di-/dt=100A/uS 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS | 


IRLR110/R111 N-CHANNEL 
IRLU110/U111 LOGIC LEVEL MOSFET 


NOTES 


\ 


ie 
\. 


Pom 


0.05 


INU 
Hh 


Zthuc(t)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


oO oO 
< fo) 
= rs) 


| cot | 

SINGLE PULSE(TRANSIENT_| | | | | [[{7 [| [ 7 [JT te 
THERMALIMPEDANCE) | | | | | | ‘ 

1. Duty Factor D= ‘to 

2. Per Unit Base=Rtnjc =1.0 Deg. C/W 
3. Tym-To = Pom Zthuc (t). 


is + 1 


10-5 5 2 5 10-2 5 10-22 5 10°" 2 5 1 2 5 
tl. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Ves =0, f=1.0 MHZ 
Ciss =Cgs +Cgq Cas SHORTED 


Crss =Cgq Cgs Cog =Cys +Coq 


Coss =Cas + Cys +Cga 


= 
° 
oO 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 2 4 6 8 10 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


=aeC . Se mre oon {een 
Ch a ha ie, «a 
Or er eee ee ee 2 10us| 


——T J 
—— ee 
el es ee ee 
a UNA | N 


| 
Ty150°C MAX 
Rthuc =0.83 K/W |;——4 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 
nN 
o 


aaa - = 
BMeEess 
Ses Pd a a YA) § 88 
a A TL eT a a a A a) Ae a ee em SE 10 
7 BS S26 a aad | 
‘a ee a? 
aaa 


Hott Bil re { noms 
ro CCC 
1 


0.1 10 100 0 20 40 60 80 100 120 140 160 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
Maximum Safe Operating Area POWER Vs. TEMPERATURE DERATING CURVE 
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ELECTRONICS 


IRLR110/R111 
IRLU110/U111 


N-CHANNEL 
LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


(NORMALIZED) 


80us Pulse Test 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


ow 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


TT 
COTTE 
COCO E 
COTTA 
CCC 


1.3 


- 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


Vas(th), GATE THRESHOLD VOLTAGE (NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


2.5 


3) . 

z 2.0 

A A 
ft Ll Pau 
; 

0015 t 5 

ON 

Cc 

4 

or 

oc 

O92 

= = 1.0 

e | Le 

Fs | 

2 KI] | 

aes 

c 


0_40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 


NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


ELECTRONICS 


925 


IRLR120/R121 N-CHANNEL 
IRLU120/U121 LOGIC LEVEL MOSFET 


FEATURES 
e Lower Rps (ON) 
e Excellent voltage stability 
e Fast switching speeds 
e Rugged polysilicon gate cell structure 
e Lower input capacitance 
e Extended safe operating area 
e Improved high temperature reliability 
e¢ D-PAK/I-PAK 
IRLR120/121 
PRODUCT SUMMARY 
Part Number Vps | Roson) _| ID(on) 
IRLR120 100V 0.40 [ 7.9A 
IRLR121 80V 0.40 7.9A 
IRLU120 100V 0.40 79A IRLU120/121 
IRLU121 80V 0.40 7.9A 


MAXIMUM RATINGS 


Characteristics | Symbol =| IRLR120/U120 | IRLR121/U121 

Drain-Source Voltage (1) | Voss 80 | Vde 

Drain-Gate Voltage (Res =1.0MQ) (1) VpoGR 80 Vdc 
Gate-Source Voltage | Vas | Vde 
| Continuous Drain Current Tc =25°C Ip 7.9 7.9 | Adc 
1 Continuous Drain Current Tc =100°C | Ip | 5.1 2 Adc 

Drain Current—Pulsed (3) [lm | 32 32 | Ade 

Total Power Dissipation @ Tc =25°C Pp 42 Watts 
_ Derate above 25°C - | | 0.33 | _Wec 
| neta einer Range Ty, Tstg wae totes L io 

e eunwiean, Bt eon Ce ee aplk TL ae 7 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLR120/R121 N-CHANNEL 
IRLU120/U121 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Symbol © Characteristic Min Typ | Max | Units | Test Condition 


| IRLR120 | 450 
BVoss | Drain Source IRLU120 

| Breakdown Voltage IRLR121 80 

| IRLR121 


Vast | Gate Threshold Voltage y rks Vos =Vas, Ip =1mA 
lass Gate-Source Leakage Forward — 


lass | Gate-Source Leakage Reverse | = 


we 


| Zero Gate Voltage 


| : 
DSS Drain Current _ 


ak 
—_ 
—) =) 
oO 


TC 
4 


Coss Output Capacitance — Vas =OV, Vos =25V, f=1.0MHz 


ne) 
a 


Reverse Transfer Capacitance — 


ID(on) | On-State Drain-Source Current (2) 7.9 ee Vos = |D(on) eens , Ves =5.0V 
Static Drain-Source On-State 
Ofs Forward Transconductance (2) | 3.0 rears Vps> 25V, Ip =4.0A 
Ciss Input Capacitance — | 450 Sria 
15 


Turn-On Delay Time — 


Vpp =0.5BVpss, Ip =4.0A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


to | Rise Time 


tdiot) Turn-Off Delay Time — 


tt | Fall Time — 
Qg Total Gate Charge 


— 
iy) 
oS 
& | Ph 
N 
=| =) 3 =) 
” ” ” ” 


3 3 3 


Ves =5V, Ip =8.0A, Vps =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


Qgs Gate-Source Charge 


Qga Gate-Drain Charge 


THERMAL RESISTANCE 


Junction-to-Case — 3.0 
Case-to-Sink 13% —_ Mounting surface flat, smooth, and greased 


Junction-to-Ambient 


/— | 110 | KW | Free Air Operation 
Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Saf 


ELECTRONICS 


IRLR120/IRLR121 
IRLU120/IRLU121 


N-CHANNEL 
LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 
T 


Pulse-Source Current 
SM _| (Body Diode) (3) 


Test Condition 


Modified MOSFET o 
symbol showing the 
integral reverse Q 

P-N junction rectifier ° 


Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


280 BH T) =25°C, Ir =7.9A, dir/dt=100A/uS 


=25°C, Is =7.9A, Vas =0V 


Silom 


ELECTRONICS 
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IRLR120/R121 N-CHANNEL 
IRLU120/U121 LOGIC LEVEL MOSFET 


TT Binnie a 
= ET 
ee ee null 


C—O | 


SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) ~ | 


t 
tL 1. Duty Factor D= 7 

2. Per Unit Base=Rinic = 1.0 Deg. C/W 
3. Tum-To = Pom 2thuc (t). 


Ztnsc(t/Rinuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


6 10-* 2 10-2 5 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Vas =0, f=1 MHZ 

Ciss =Cgs +Cgq Cas SHORTED 

Cres =Coq Cgs Coa 
Cgs +Cgq 


LL _ 
Ki} et tT ET 
wet ttt 
P| eet se TT 


=Cas +Cgq 


y 
Vps =50V 


a ff 
Coe 


C, CAPACITANCE (pF) 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


OPERATION IN THIS AREA IS 
LIMITED BY Ros(on) {ttt 


AHS eH 


Lab iekal cee eam 
| FI He Tea 


4 eee 
et + }$——_}— +++} 
oss 282 Ss Se ee 7 
a a es a a oo Gee. 
ar le 


c =25°C 


rico MAX. TNO 


= 
a i 
thuc = 1.67 K/W 
irae es 
as 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 


0 20 40 60 80 100 120 140 160 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 


PSAMS UNG ~ 


ELECTRONICS 


IRLR120/IRLR121 N-CHANNEL 
IRLU120/IRLU121 LOGIC LEVEL MOSFET 


(NORMALIZED) 


Ip, DRAIN CURRENT (AMPERES) 


Vesith), GATE THRESHOLD VOLTAGE 


0 2 4 6 8 10 50 0 50 100 150 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


Ip, DRAIN CURRENT (AMPERES) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 
(NORMALIZED) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


- 40 0 40 80 120 160 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


IRLR210/R211 N-CHANNEL 
IRLU210/U211 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
D-PAK/I-PAK 


PRODUCT SUMMARY 


IRLR210/211 


Part Number Rpsion) 
IRLR210 
IRLR211 150V 2.40 
IRLU210 | 200V 2.40 IRLU210/211 
q [ 
IRLU211 


MAXIMUM RATINGS 


Total Power Dissipation @ Tc =25°C Watts 


Derate above 25°C 


Operating and Storage - 
Junction Temperature Range Ty, Tstg 55 to 150 


Symbol IRLR210/U210 IRLR211/U211 | Units 
Drain-Source Voltage (1) Voss 200 I 150 

| Drain-Gate Voltage (Res =1.0MQ) (1) VparR | 200 150 Vde 
Gate-Source Voltage Vas +15 
Continuous Drain Current Tc =25°C ID 2.0 2.0 
Continuous Drain Current Tc =100°C Ip 1.2 — 42] Ade 

| Drain Current—Pulsed (3) IDM 8.0 80 tsi~«dSsC (Ad 

25 


oO 
NO 


é|3 5 
QO) 


L | 
Maximum Lead Temp. for Soldering T 300 
Purposes, 1/8” from case for 5 seconds . 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


93 


ak 


ELECTRONICS 


IRLR210/R211 N-CHANNEL 
IRLU210/U211 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


‘Symbol | Characters | win | We | Wax [Unie | __TestGonditon 


IRLR210 


Drain Source 
Breakdown Voltage 


IRLR211 


Teas |Get Soure Leakage Foward | — | — | 100 | oA [VoomtV 


nA Ves =-15V 


Vos =Max. Rating, Vas =0V 
Vps =Max. Ratingx0.8, Vas =0V, To = 125°C 


A Vos = |p(on) x Rosionymax., Vas = 5.0V 


nA 
A 
8 Vas =5.0V, Ip =1.0A 
3 
oP 
PF 


Resistance (2) 

ge | Forward ansconductance (2) 
Gis | IputCepectence | 
Con | OuputCapaciance | — 
Crs | Reverse Tensor Capacitance | — | 29 | — | oF 
tae |TunOnDelgyTine | — | 80 | 15) ne 
RiseTine | — | 80 | 25 | me 
ten _|Tun-OHDelgyTine | — | 10 | 15) ne 
v [Faiting | — 80 | 15 | ne 
0 | ToalGaechewe | — | — | 78 | ne 
Ge | GateSource Charge | — | 18 | — | no 
0% | GateDreinrarge | = (| 9 | — | no 


oe i 
Lea 

Iyer | On-State Drain-Source Current (2) 2.0 | 
08 


Vps> 50V, Ip =1.0A 


Vas =OV, Vos =25V, f=1.0MHz 


Vpp =0.5BV pss, |p =2.0A, Zo =15 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


Vas =5V, Ip =2.0A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


THERMAL RESISTANCE 


Junction-to-Ambient | ae | 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


50 KM 
= | KW Mounting surface flat, smooth, and greased 
Free Air Operation 
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ELECTRONICS 


IRLR210/R211 N-CHANNEL 
IRLU210/U211 LOGIC LEVEL MOSFET 


—e DIODE RATING AND CHARACTERISTICS 


ows ||| [ve | ean 
TS" ee 
(Body Diode) symbol showing the (a) 
Seer ee 
(Body Diode) (3) junction rectifier 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRLR210/R211 N-CHANNEL 
IRLU210/U211 LOGIC LEVEL MOSFET 


is L | PT EET 
a | | | | | notes 
| | on 


Pom 


Zthuc(t)/Rthuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


ty 
1. Duty Factor D= },° 
0.02 == = = +—4 —— 2. Per Unit Base=Rinjc =1.0 Deg. C/W 


+ 3. Tym-To = Pom Zthuc (t). 
ool _ 


10-5 5 2 5 107s 2 5 10-2 2 5 0° 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 
MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Vas =0, f=1.0 MHZ 
Ciss =Cgs +Cgq Cas SHORTED 


rss =gd Cg Coa A 
Coss =Cus + Cost Cog =Cugs + Coa 


Vpp =100V 


8 
ec" 
4 


ro 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 20 — — 50 0 2 4 6 
. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


_ 
aaa 


° 
a 


od 
Pw | | SINGLE PULSE CHINE 


\ 
AI | UT 


EH HH on 

IRLR212/U212 == 

ee = Sean 
| IRLR210/U210 4 eiremeer it tet | | | 


1.0 10° 0 20 40 60 80 100 120 140 160 
Vos, en TO-SOURCE volun (VOLTS) Tc, CASE TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 


S) 
= 


So 
—_ 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 


0.05 
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ELECTRONICS 


IRLR210/R211 
IRLU210/U211 


N-CHANNEL 
LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) Ip, DRAIN CURRENT (AMPERES) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


80s Pulse Test 
4 is 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS 


80us Pulse Test | 
i | 


Vos = >Ipion) x Rpsvon)max. 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


- 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


Ves(th), GATE THRESHOLD VOLTAGE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


(NORMALIZED) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE 


Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


ELECTRONICS 
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IRLR220/R221_ N-CHANNEL 
IRLU220/U221 LOGIC LEVEL MOSFET 


FEATURES 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Lower input capacitance 

Rugged polysilicon gate cell structure 
Extended safe operating area 
improved high temperature reliability 
D-PAK/I-PAK 


PRODUCT SUMMARY 


IRLR220/221 


Part Number 


IRLR220/IRLU220 


IRLU221/IRLU221 150V 1.20 


IRLU220/221 


MAXIMUM RATINGS 


Symbol IRLR220/U220 IRLR221/U221_ | Units 
200 150 | Me 


200 150 


Characteristic 


Drain-Source Voltage (1) 

| Drain-Gate Voltage (Res =1.0M QQ) (1) 
Gate-Source Voltage 

| Continuous Drain Current Tc =25°C 

Continuous Drain Current Tc =100°C 

Drain Current—Pulsed (3) 


Total Power Dissipation @ Tc =25°C 
Derate above 25°C 


Operation and Storage 
Junction Temperature Range 


—55 to 150 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLR220/R221 N-CHANNEL 
IRLU220/U221 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACT ERISTICS (Tc =25°C unless otherwise specified) 


[Symboi| Characteristic [win [Wp | ax | unte | TeetGonaiton 


IRLU220 Vv 
IRLR221 

IRLU221 

Tess | Gat Source Leakage Forward | — | — | 100 | oA | Vosmt6v 

Ts | Gate Source Latage Reverse | — | — [100] na | Voga-t6V 


Drain Current | — | — | 1.0 | mA_ | Vos=Max. Ratingx08, Ves =0V, To =125°C 
Ipyon) | On-State Drain-Source Current (2) f40{—|— | a | Vps2 Ipion)  Roson)max. Vas =5.0V 


Static Drain Source On State 
Resistance (2) -|-[2 fe a 


[on | Forwarérensconauciance@ [30 [— | — | 0 |Vossseve-aon 
[cu [input capactance ————+(| — [=o | — | oF 
[Con OuputCapactance | — | wo] — | oF 
[Cm | Reverse Tensor Capaciance | — | | — | oF 
Ttaoy [Tum-ondewytime | — | — | 0 | me 
ee Cs 
aon [uncon Deaytime +t — | — | 100 | ne 
a a 
a, [Teta Gate Grarge ———S«dt = | — | 20 | vo 
aye | atesouce charge +t [es | - | ro 
[an [Gateoraincrage +t eal — | ro 


Ves = 0V 
Ip = 250uA 


Drain Source 
Breakdown Voltage 


BVpss 


Vas =0V, Vos =25V, f=1.0MHz 


Vpp =0.5BVpss, |p =2.0A, Zo = 500 
(MOSFET switching times are essentially 
independent of operating temperature) 


Vas =5V, Ip =4.0A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


THERMAL RESISTANCE 


Ane [uuneioniocass ——=Ss«dt = T= | 80 | ew 
5 eS RRs 
Fw [dunciontoanbiot | — | — | 10 | KW [Fee Operaion 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


IRLR220/R221 N-CHANNEL 
IRLU220/U221 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Symbol Characteristic fae te ee Test Condition 


Ic Continuous Source Current Modified MOSFET 

| (Body Diode) symbol showing the 
integral reverse 
P-N junction rectifier 


| Pulse Source Current y 
ah (Body Diode) (3) 


Vsp Diode Forward Voltage (2) _ | _ 


=25°C, Ils =4.0A, Ves =0V 
=25°C, Ir =4.0A, dir/dt=100A/uS 


trr Reverse Recovery Time — | 400 


Notes: (1) Tj) =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


IRLR220/R221 N-CHANNEL 
IRLU220/U221 LOGIC LEVEL MOSFET 


1. L eB 
=> s-.a a ae ae se Se Te 9 A fs me 


0.05 7 + + +—+—++ 
SINGLE PULSE (TRANSIENT 


THERMAL IMPEDANCE) 


ty 
1. Duty Factor D= % 
2. Per Unit Base=Rtnic =1.0 Deg. C/W 
3. Tim-To = Pom Zthuc (t). 


Zthuc(t)/Rinuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


10-8 2 5 10-2 2 5 10-' 2 5 1 2 5 10 


| 
= 
oot_t 1 LITT Et Tt 
- 5 2 5 
ti. SQUARE WAVE PULSE DURATION (SECONDS) 


MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Ves =0 f=1 MHz 
Ciss =Cgs +Cgq ; Cas SHORTED 


Crsg =Cga Cops C 
gs Cod _ 
Coss =Cas + Coe + Cog =Cgs +Cgq 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


| ar 
se ee ee ee ee 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


OPERATION IN THIS AREA | 
BY Rosvon) 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 


4000000 


A | 


& | 
an 
IRL621 Ht | 
4 10 100 1000 0 20 40 ~°#&60 80 100 120 140 4160 
Tc, CASE TEMPERATURE (°C) 


MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
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ELECTRONICS 


IRLR220/R221 
IRLU220/U221 


N-CHANNEL 


LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) 


Ip, DRAIN CURRENT (AMPERES) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


80us Pulse Test - 


mms 
ay, 


pp 
7 ARERR 
) 4a 
VET 


10 


ia DRAIN-TO-SOURCE — — 
TYPICAL SATURATION CHARACTERISTICS 


tak T Ty 
sateen TZ 
na 
a /- 


Ty =125°C 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


Ip =250pA 


a = 
eT tt tt 
pi tT tT ET Tt 


“40 0 40 80 120 160 
Tj, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE (0) Vasitn), GATE THRESHOLD VOLTAGE (NORMALIZED) 


Rosjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 
GATE-THRESHOLD VOLTAGE VARIATION 
WITH TEMPERATURE 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


CLO 


Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


alo 


ELECTRONICS 
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N-CHANNEL 
IRLZ10/14 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


PRODUCT SUMMARY 


1. Gate 2. Drain 3. Source 


Part Number 


IRLZ14 


IRLZ10 


MAXIMUM RATINGS 


Characteristic Symbol —IRLZ14.— | IRLZ10.——s« | ~—sUnits 

Drain-Source Voltage (1) Voss a ee ee Vde 
Drain-Gate Voltage (Ras =1.0M Q) (1) Vor | 60 | 50 | Vdc | 
L Gate-Source Voltage Vas +15 
"Continuous Drain Current Tc =25°C Ip . Ado | 
Continuous Drain Current Tc =100°C ee ee ee ee ee 
Drain Current—Pulsed (3) IM Ade | 


Total Power Dissipation @ Tc =25°C 
Derate above 25°C 


Operation and Storage _ - 
__ Junction Temperature Range Tay Tstg oo 1FS 
Maximum Lead Temp. for Soldering + oC 
Purposes, 1/8” from case for 5 seconds . 


Notes: (1) T) =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


— 


ELECTRONICS 


N-CHANNEL 
IRLZ10/14 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


Symbol | ___Characteristic | Min | Typ | Max | Units | _—TestCondition 
Drain-Source IRLZ14 Vas =0V 

Breakdown Voltage IRLZ10 Ip =250ypA, 
A 


Ves =5.0V, Ip =4.0A 


nA 
nA 
pA 
mA 


oO 


Gq) 
st 
@O 
ie) 
ie) 
Cc 
=x 
[?) 
© 
©» 
x 
i) 
© 
@ 
® 
< 
© 
= 
” 
© 
_ 
oO 


N 


0.18 


Vps> 15V, Ip = 4.0A 


Gts Forward Transconductance (2) 4.0 


Vas =0V, Vos =25V, f=1.0MHz 


010 
a |8 
a $|@ 
sie 
6 \o 
go |S 
?) 
zie 
3 | f 
% | 2 
rma 
aE 
@REs: 
© | © 
5 © | 
fe) 
° 
oe 
be) 
= | 
(?) 
@ 


ta(on) Turn-On Delay Time 


Vpp =0.5BVpss, Ip =4.0A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


ty Rise Time 


Tv | oO |U 


on 
oO 


tavotf) Turn-Off Delay Time 
tf Fall Time 


=| 
QO 


Qg _| Total Gate Charge Ves =5V, Ip =6.7A, Vos =0.8 Max. Rating 


(Gate charge is essentially independent of 
operating temperature) 


Qgs Gate-Source Charge 


o| 
ie} 
Qa 
=} a} 
8 . 


Gate-Drain Charge 


THERMAL RESISTANCE 


Junction-to-Case 
Case-to-Sink 
Junction-to-Ambient 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ew 
Mounting surface flat, smooth, and greased 
Free Air Operation 


ELECTRONICS 


N-CHANNEL 
IRLZ10/14 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


is Continuous Source Current )-|-| er] a. Modified MOSFET : 
(Body Diode) symbol showing the (i) 


Pulse Source Current integral reverse _ 
SM (Body Diode) (3) P-N junction rectifier 


Vsp _ | Diode Forward Voltage (2) ~— | — | 18 | Vv | Tc=25°C, Is=6.7A, Vas =0V 
iz A 
ter Reverse Recovery Time /— | — | 300 | ns | T =25°C, Ip =6.7A, dir/dt=100A/uS 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


e/a 
|| | | TU 


e/a 
Y 


H Ty =-50°C 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


(NORMALIZED) 
(NORMALIZED) 


°o 
Ce) 


Vesith), GATE THRESHOLD VOLTAGE 


0.8 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


- 40 0 80 120 160 va 40 0 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED Vth) VOLTAGE Vs. TEMPERATURE BREAKDOWN VOLTAGE Vs. TEMPERATURE 


E 


PSnmsuncg ~ 
LECTRONICS 


N-CHANNEL 
IRLZ10/14 LOGIC LEVEL MOSFET 


(NORMALIZED) 


Rps(on), DRAIN-TO-SOURCE ON RESISTANCE 
Ros(on), DRAIN-TO-SOURCE ON RESISTANCE 


Ip, DRAIN CURRENT (AMPERES) Jy, JUNCTION TEMPERATURE (°C) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


10 


Ves =0, f=1.0 MHz 
Ciss =Cgs +Cgq ’ Cas SHORTED 
Crss =Cgg C=O 
a Cosa = Cee + ~tntGe =Cus +Coq 
WW 
i Cc 
= 10 a & 
= WW 
< a S) 
= a ‘ z 
rs IN 
o To =25°C J 
cs T) =150°C MAX. 0 
e 1ST TTF Rihuc =2.1K/W =o 
S — ooo SINGLE PULSE 4 tt eo ST 
(=) = +t ttt} + 
= a ae Coo 
EEE EE EE 
0.1 0) 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


0 0.4 0.8 1.2 1.6 2.0 2.4 0 5 10 15 20 25 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) Cg, TOTAL GATE CHARGE (nC) 
TYPICAL SOURCE-DRAIN DIODE FORWARD VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 
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ELECTRONICS 


N-CHANNEL 
IRLZ20/24 LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1. Gate 2. Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


IRLZ24 


IRLZ20 


MAXIMUM RATINGS 


Characteristic 


Drain-Source Voltage (1) 

Drain-Gate Voltage (Ras =1.0M 1) (1) 
Gate-Source Voltage 

Continuous Drain Current Tc =25°C 


Continuous Drain Current Tc =100°C 
Drain Current—Pulsed (3) 


Total Power Dissipation @ Tc =25°C 
Derate above 25°C 


Operation and Storage 
Junction Temperature Range 


Maximum Lead Temp. for Soldering 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


50 
0.33 


Ty, Tstg — 55 to 175 


TL 300 
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ELECTRONICS 


N-CHANNEL 
IRLZ20/24 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


BV Drain-Source IRLZ24 Ves =0V 
| DSS | Breakdown Voltage IRLZ20 Ip =250yA 
Vasith) | Gate Threshold Voltage [i= av oak Vps =Ves, Ip =1.0mA 


100 


Ves =15V 
Ves =-15V 
Vos =Max. Rating, Vas =OV 


Vps =Max. Ratingx0.8, Ves =0V, Tc =125°C 


lass Gate-Source Leakage Forward = 


| less Gate-Source Leakage Reverse 


Zero Gate Voltage 
Drain Current 


Ipss 


| F 


ID(on) On-State Drain-Source Current (2) | 14.0 


Vps = |pon) X Rpsvon)max. Ves =5.0V 


Static Drain-Source On-State 
Rpsvon) — 0.10 


Resistance (2) Vas =5.0V, Ip =7A 


| Ots Forward Transconductance (2) 2.0 — Vos > 15V, Ip =8.0A 

Ciss Input Capacitance — | 750 

Coss Output Capacitance — | 250 pF Vas =0V, Vos =25V, f=1.0MHz 
Crss | Reverse Transfer Capacitance — | 120 pF 


. 


ta(on) Turn-On Delay Time 


tr 


Vpp =0.5BVpss, |p =8.0A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


Rise Time 


ta(off) Turn-Off Delay Time 


tt Fall Time 


Qg Total Gate Charge 


| 
Nn 
ine) 


Oo 


3 
8 


= | 


Vas =5V, Ip =14A, Vps =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


3 


ne] 


Qgs Gate-Source Charge 


ws 


Qga Gate-Drain Charge 


THERMAL RESISTANCE 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


OW 
Notes: (1) Ty =25°C to 150°C 


K/W_ | Mounting surface flat, smooth, and greased 
K/W_ | Free Air Operation 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse width limited by max. junction temperature 


a 
— 
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ELECTRONICS 


N-CHANNEL 
IRLZ 20/24 LOGIC LEVEL MOSFET 


Continuous Source Current a IY Modified MOSFET 
(Body Diode) (3) -|-| 2] P-N junction rectifier 
Notes: (1) Ty =25°C to 150°C 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 
(Body Diode) symbol showing the 
ee ee 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 


Ce ee a 
Pulse Source Current integral reverse 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


25 


Jame] [|Z 
Py 
= 
ef 
| an 


ET [ee 
oe EE Se We PS ee 


Ty =—50°C 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 2 4 6 8 10 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


(NORMALIZED) 
(NORMALIZED) 


Vesith), GATE THRESHOLD VOLTAGE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED Vth) VOLTAGE Vs. TEMPERATURE BREAKDOWN VOLTAGE Vs. TEMPERATURE 


PSAMs UNG ~ 
ELECTRONICS 


IRLZ20/24 


N-CHANNEL 


LOGIC LEVEL MOSFET 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (0) 


Ip, DRAIN CURRENT (AMPERES) 


lpn, REVERSE DRAIN CURRENT (AMPERES) 


0 4 8 12 16 20 
Ip, DRAIN CURRENT (AMPERES) 


TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


Coit 4 H 
ae 
no 

Pe iia ae 
Oe ER kh a ‘il 


Rat! HL See] 
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Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 
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ELECTRONICS 


948 


N-CHANNEL 
IRLZ30/34 LOGIC LEVEL MOSFET 


FEATURES TO-220 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1. Gate 2. Drain 3. Source 


PRODUCT SUMMARY 


0.070 


0.070 


Part Number 


IRLZ34 60V 25A 


IRLZ30 50V 


MAXIMUM RATINGS 


Characteristic 


IRLZ34 IRLZ30 =| ~—sUnits—si| 


Drain-Source Voltage (1) Vos | 60 | 80s | 
| Drain-Gate Voltage (Res =1.0M QQ) (1) VpGR 60 50 Vdc 


Gate-Source Voltage Gs +15 Vdc 
Continuous Drain Current Tc =25°C 
Continuous Drain Current Tc =100°C 
Drain Current—Pulsed (3) 


tow 
Total Power Dissipation @ Tc =25°C 90 Watts 
Derate above 25°C 0.60 W/°C 


Operation and Storage 7 
Junction Temperature Range Tus Tstg =s0 10 1/2 C 

Maximum Lead Temp. for Soldering + 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


° 
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ELECTRONICS 


N-CHANNEL 
IRLZ30/34 LOGIC LEVEL MOSFET 


ELECT RICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


[Symbol | __Characteristic_—| Min | Typ | Max | Units | Test Condition 
=— a I 

Breakdown Voltage IRLZ30 Ip =250pA 
tee | GateSourcotectage Fowerd | — | — | 100 | oA [Vesey 
P= [-t00/ nk [Vess-t6V SSS 
On-State Drain-Source Current (2) 
Static Drain-Source On-State 


Resistance (2) Ves =5.0V, Ip =13A 


pA 
mA 


> 


uD 0 |TU 


3 
1?) 


Rpson) 


Ots Forward Transconductance (2) Vos > 15V, Ip =13A 


Ciss input Capacitance 


Coss Output Capacitance Vas =0V, Vos =25V, f=1.0MHz 


Crss Reverse Transfer Capacitance 


ta(on) Turn-On Delay Time 
tr Rise Time 
Turn-Off Delay Time 


Fall Time 


Qg Total Gate Charge 
Qgs Gate-Source Charge 
| Qaa | Gate-Drain Charge 


Vpp =0.5BVpss, Ip =13A, Zo =50 2 


(MOSFET switching times are essentially 
independent of operating temperature) 


Vas =5V, Ip =25A, Vps =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


3 
QO 


oO = 
° 
S ° 


THERMAL RESISTANCE 


Mounting surface flat, smooth, and greased 
Free Air Operation 


Rthuc Junction-to-Case 


Rthcs | Case-to-Sink -— fos} — | 
Junction-to-Ambient /— | — | 80— 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Boe 
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ELECTRONICS 


IRLZ30/34 


N-CHANNEL 
LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Continuous Source Current 
(Body Diode) 


A | Moti MOSFET 
| Moti showing the 


Pulse Source Current 
(Body Diode) (3) 


Diode Forward Voltage (2) 


Reverse Recovery Time 


Notes: (1) Tj =25°C to 150°C 
(2) Pulse test: Pulse width <300ys, Duty Cycle<2% 


integral reverse 
P-N junction rectifier 


OS 


cc =25°C, Is =25.0A, Vas =0V 
Tj =25°C, Ip =25.0A, dir/dt=100A/uS 


(3) Repetitive rating: Pulse width limited by max. junction temperature 


a ee cos Pulse Tes 


Ip, DRAIN CURRENT (AMPERES) 


a ae 


i 
Y-CEEEP ETH 


na DRAIN ss SOURCE sero hem 
TYPICAL SATURATION CHARACTERISTICS 


(NORMALIZED) 


Vesith), GATE THRESHOLD VOLTAGE 


Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED Vth) VOLTAGE Vs. TEMPERATURE 


80s Pulse Test 


Ip, DRAIN CURRENT (AMPERES) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL TRANSFER CHARACTERISTICS 


(NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


40 0 ° 80 120 
Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE 


ELECTRONICS 


951 


N-CHANNEL 
IRLZ30/34 LOGIC LEVEL MOSFET 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE (2) 


0 1 15 20 25 “40 0 40 80 120 160 
Ip, DRAIN CURRENT (AMPERES) Ty, JUNCTION TEMPERATURE (°C) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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Ip, DRAIN CURRENT (AMPERES) 
C, CAPACITANCE (pF) 
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ELECTRONICS 


N-CHANNEL 


IRLZ40/IRLZ44 LOGIC LEVEL MOSFET 


FEATURES TO-220 


Lower Ros (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1. Gate 2. Drain 3. Source 


PRODUCT SUMMARY 


Part Number 


IRLZ44 


IRLZ40 


MAXIMUM RATINGS 


Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse width limited by max. junction temperature 


Characteristic Symbol IRLZ44 
Drain-Source Voltage (1) L Voss 60 | 560. Vdc 
: Drain-Gate Voltage (Res =1.0M ) (1) VpoerR ft 60 50 Vde 
Gate-Source Voltage Ves + 15 Vdc 
Continuous Drain Current Tc =25°C Ip 35.0 350 | Ade | 
Continuous Drain Current Tc =100°C Ip 27.0 27.0 Adc 
Drain Current—Pulsed (3) lpm 110 110 Adc 
Total Power Dissipation @ Tc =25°C Watts 
Derate above 25°C W/°C 
Operation and Storage 55 to 175 °C 
Junction Temperature Range 
Maximum Lead Temp. for Soldering °C 
Purposes, 1/8” from case for 5 seconds 


ELECTRONICS 
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N-CHANNEL 
IRLZ40/IRLZ44 LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


[Symbot | ___Characteratio ‘| Win | Typ | Max | Units | ‘Test Gondition 

oo [Bete [RES |S [= |= |v [Ce 
Breakdown Voltage IRLZ40 Ip =250yA 

Foss | Gate-SourceLsekage Forward | — | — | 100 | nA |Vosmi5V 


ee 
250 | pA Vos =Max. Rating, Vas =0V 


A_ | Vos =Max. Ratingx0.8, Ves =O0V, To =125°C 


Zero Gate Voltage 
Drain Current 


On-State Drain-Source Current (2) Vps > Ipion) X Rps(on)max. Vas =5.0V 


Ves =5.0V, Ip =18.0A 


Vps> 15V, Ip =18.0A 


Vas =OV, Vos =25V, f=1.0MHz 


ID(on) 


Static Drain-Source On-State 


Rosion) Resistance (2) 


—s 
a 
~ 
0) 
oi 


Forward Transconductance (2) 0 
Ciss 


Coss 


Input Capacitance 


siliguis 3 


Output Capacitance 


rss Reverse Transfer Capacitance 


ta(on) Turn-On Delay Time 


Vpp =0.5BVpss, Ip =18A, Zo =50 2 
(MOSFET switching times are essentially 
independent of operating temperature) 


Rise Time 
Turn-Off Delay Time 
Fatl Time 


taoff) 


© 
Oo 


3 3 


Total Gate Charge 


Vas =5V, Ip =35A, Vos =0.8 Max. Rating 
(Gate charge is essentially independent of 
operating temperature) 


Gate-Source Charge 


Gate-Drain Charge 


Qga 


THERMAL RESISTANCE 


Rthuc Junction-to-Case |— | — | 10 | Kw, 
Rthcs Case-to-Sink -— |05 | — | KW | Mounting surface flat, smooth, and greased 
Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 


(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


N-CHANNEL 
IRLZ40/LRLZ44 LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATING AND CHARACTERISTICS 


Boo a 


Modified MOSFET 
symbol showing the 
integral reverse 

P-N junction rectifier 


3 To =25°C, Is =35.0A, Ves =0V 
ew T; =25°C, Ir =35.0A, dig/dt=100A/pS 
Notes: (1) Tj =25°C to 150°C 


(2) Pulse test: Pulse width <300yus, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Characteristic 


Continuous Source Current 
: (Body Diode) 


Pulse Source Current 
on (Body Diode) (3) 


Vsp Diode Forward Voltage (2) 


Reverse Recovery Time 


40 


oo if 
: a 
{ __|} 


Ip, DRAIN CURRENT (AMPERES) 
Ip, DRAIN CURRENT (AMPERES) 


0 1 2 3 4 5 6 7 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL SATURATION CHARACTERISTICS TYPICAL TRANSFER CHARACTERISTICS 


(NORMALIZED) 
(NORMALIZED) 


Vesith), GATE THRESHOLD VOLTAGE 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 


- 40 0) 40 80 120 160 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED Vth) VOLTAGE Vs. TEMPERATURE BREAKDOWN VOLTAGE Vs. TEMPERATURE 
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ELECTRONICS 


IRLZ40/LRLZ44 


N-CHANNEL 
LOGIC LEVEL MOSFET 


Ip, DRAIN CURRENT (AMPERES) Rosjon), DRAIN-TO-SOURCE ON RESISTANCE (2) 


lpr, REVERSE DRAIN CURRENT (AMPERES) 


0 10 20 30 40 50 


Ip, DRAIN CURRENT (AMPERES) 
TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


P NL 
Biz Co 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
MAXIMUM SAFE OPERATING AREA 


fe 


LEAT 


0 0.4 0.8 1.2 1.6 2.0 2.4 
Vsp, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
TYPICAL SOURCE—DRAIN DIODE FORWARD VOLTAGE 


ELECTRONICS 


Rpsjon), DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 


=50 0 50 100 150 200 
Ty, JUNCTION TEMPERATURE (°C) 
NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 


Ves =0, f=1.0 MHz 

Ciss =Cgs +Coq ’ Cas SHORTED 

Cres =Coq Cogs —Cog , 

Cogs =Cas + Cos +Cog =Cas +Cgq 


C, CAPACITANCE (pF) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
TYPICAL CAPACITANCE Vs. DRAIN-TO-SOURCE VOLTAGE 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Qg, TOTAL GATE CHANGE (nC) 


TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 
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N-CHANNEL 
SSP3055L LOGIC LEVEL MOSFET 


FEATURES 


Lower Rpsv(on) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
Improved high temperature reliability 
TO-220 Package 


1. Gate 2. Drain 3. Source 


PRODUCT SUMMARY 
[Partnumber | Vos [Rowen [tow 
sero] av | enon 


MAXIMUM RATINGS 


Characteristic Symbol | SSP3055L_— | Units 

| Drain-Source Voltage (1) Moss | |e 
Drain Gate Voltage (Res =1.0M®) (1) a se | ee 
| Gate Source Voltage 
a ae 12 Ade 


Continuous Drain Current Tc=25°C 


Continuous Drain Current Tc =100°C 8.4 
Drain Current — Pulsed (3) 26 
Total Power Dissipation @ Tc =25°C 40 
Derate above 25°C 0.32 


Operating and Storage 55 to 150 
Junction Temperature Range 


Maximum Lead Temp for Soldering 300 
Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty = 25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


BSF 


=<" 


ELECTRONICS 


N-CHANNEL 
SSP3055L LOGIC LEVEL MOSFET 


‘Symbet | Ghavctersio [win [yp | Mex [Unite | _‘TestGondivion 


. Ves =0V 
Drain Source Breakdown Voltage p-}-|v- Ip =250pA 


lass Gate Source Leakage Forward /— | — | 100 | nA |Ves=t8V | 

6 

tes Zero Gate Voltage 
Drain Current 


Static Drain Source On State 
Resistance (2) 


< 
Oo 
n 
fl 
= 
ey) 
s 
D 
= 
= 
= 
< 
G) 
n 
ue 
< 


Vpp =0.5 BVpss, Ip =6.0A, Zo =50 Ohms, 
(MOSFET switching times are essentially 
independent of operating temperature.) 


Vas =5V, Ip =12A, Vps0.8 Max, Rating 
(Gate charge is essentially independent 
of operating temperature) 


THERMAL RESISTANCE 


DD 


Recs | CaseioSrk | | OS Neurting sues tt, och and rasa 
[Fan [ancionoantiet | = | 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 


Notes: (1) Ty =25°C to 150°C 
(3) Repetitiverating: Pulse width limited by max. junction temperature 
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ELECTRONICS 


N-CHANNEL 
SSP3055L LOGIC LEVEL MOSFET 


SOURCE DRAIN DIODE RATING AND CHARACTERISTICS 


Symbol | Gharavi [win |e | wax | Unie | ____TeelGondtion 
P—“(—sis—‘“‘“‘“ 


Continuous Source Current 
(Body Diode) 


Modified MOSFET 
symbl showing the 
integral reverse 

P-N junction rectifier 


Pulse Source Current 
SM _| (Body Diode) (3) 


Vsp Diode Forward Voltage (2) — 


V To =25°C, Is =12A, Vas =0V 
ns Tj =25°C, Ip =12A, die/ct=100A/nS 


trr Reverse Recovery Time — 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle<2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


Ciss =Cgs +Cgg, Cas, SHORTED 
Crss =Cga 
Coss =Cugs + 


i 
4+Cgs Coq x 
Cogs +Cgq 


C, CAPACITANCE (pF) 


Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) 


0 10 20 30 40 50 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 
TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 


AN 


to 26D es ee ee 
Snr msm aon HON Hts =e: itty 
Baa NTS ms Sees 


Ip, DRAIN CURRENT (AMPERES) 
Pp, POWER DISSIPATION (WATTS) 


0 
Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 
MAXIMUM SAFE OPERATING AREA POWER Vs. TEMPERATURE DERATING CURVE. 
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ELECTRONICS 


N-CHANNEL 
SSP3055L LOGIC LEVEL MOSFET 


1.4 


80uS PULSE TEST 
ai 


Ip, DRAIN CURRENT (AMPERES) 


0.8 


Vesith), GATE THRESHOLD VOLTAGE (NORMALIZED) 


"50 0 50 100 150 
Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATUER (°C) 
TYPICAL SATURATION CHARACTERISTICS GATE-THRESHOLD VOLTAGE VARIATION WITH TEMPERATURE 


80u.S PULSE TEST 
Vos <!pon) x R ps(on) 
+ + 


Ip, DRAIN CURRENT (AMPERES) 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (OHMS) 


0 1 2 3 4 5 6 7 
Ves, GATE-TO-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPERES) 
TYPICAL TRANSFER CHARACTERISTICS TYPICAL ON-RESISTANCE Vs. DRAIN CURRENT 


Rpsion), DRAIN-TO-SOURCE ON RESISTANCE (NORMALIZED) 


BVpss, DRAIN-TO-SOURCE BREAKDOWN VOLTAGE (NORMALIZED) 


40 0 40 80 120 160 
T,, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
BREAKDOWN VOLTAGE Vs. TEMPERATURE NORMALIZED ON-RESISTANCE Vs. TEMPERATURE 
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ELECTRONICS 


N-CHANNEL 
SSR3055L/U3055L LOGIC LEVEL MOSFET 


FEATURES 


Lower Rps (ON) 

Excellent voltage stability 

Fast switching speeds 

Rugged polysilicon gate cell structure 
Lower input capacitance 

Extended safe operating area 
improved high temperature reliability 
e D-PAK/I-PAK 


SSR3055L 


PRODUCT SUMMARY 
___PartNumber | Vos_| Rosony | to%en) 


SSR3055L/SSU3055L 0.182 


SSU3055L 


MAXIMUM RATINGS 


Characteristic SSR3055L/U3055L 

Drain-Source Voltage (1) 7 
Drain Gate Voltage (Res =1.0M®) (1) Vdc | 
Gate-Source Voltage Ves +15 | Vdc 
Continuous Drain Current Ts =25°C Ip | 12 Adc | 
Continuous Drain Current Tc =100°C l Ip 8.4 Adc 
Drain Current—Pulsed (3) | | low i 36 Adc 
Total Power Dissipation @ Tc =25°C a 42 | Watts 
Derate above 25°C | 0.33 | W/°C 
SE Ue eee Range L Ty, Tstg | ae Tat | "e 
Maximum Lead Temp. for Soldering tT 300 °C 

Purposes, 1/8” from case for 5 seconds 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300us, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


061 
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ELECTRONICS 


SSR3055L/U3055L 


N-CHANNEL 
LOGIC LEVEL MOSFET 


ELECTRICAL CHARACTERISTICS (Tc =25°C unless otherwise specified) 


THERMAL RESISTANCE 


Junction-to-Case 


Symbol Characteristic Min Test Condition 
Drain Source Break Voltage V bce 
Vi th) | Gate Threshold Voltage 10; — 2.0 V | Vos =V as, Ip =1.0mMA 
lass ] Gate-Source Leakage Forward | — | = 100 nA | Vas =15V 
lass Gate-Source Leakage Reverse | — — | -100 nA Ves= —15V 
loss Zero Gate Voltage — - 250 pA | Vps =Max. Rating Ves =0V 
Drain Current -_ lo | 10 mA | Vps=Max. Ratingx0.8, Ves =OV, Tc =125°C 
ID(on) | On-State Drain-Source Current (2) | 12 — — A Vps> Ipion) X Rosion)max. Vas =5V 
Rosen cpa aia On-stale — |013/ 0.18 | @ | Vas=5.0V, Ip=60A 
Ofs | Forward Transconductance (2) | 5.0 — “= (a) Vps>15V, Ip =6.0A 
Ciss Input Capacitance — | 400 = pF 
Coss | Output Capacitance _ | 175 — pF Ves =OV, Vos =25V, f=1.0MHz 
Crss | Reverse Transfer Capacitance — 50 = pF 
ta(on) | Turn-On Delay Time — 15 — ns 
t, | Rise Time | _ | 25 | — | ns | Voo=05BVpss, Ip =6.0A, Z050 0 
(MOSFET switching times are essentially 
tar) | Turn-Off Delay Time — | = NS | independent of operating temperature) 
t i fFall Time — 25 = ns 
Qg Liat as }— | — | 7 | MC | ¥.6=5V; Ip=12A, Vos =018 Max, Rating 
Qgs Gate-Source Charge = 2 -- nC (Gate charge is essentially independent of 
Gate-Drain Charge — 4 — nC Gperaling temperature) 


Case-to-Sink 


Mounting surface flat, smooth, and greased 


Junction-to-Ambient 
Notes: (1) Ty =25°C to 150°C 


(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


Free Air Operation 
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N-CHANNEL 
SSR3055L/U3055L LOGIC LEVEL MOSFET 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


ie 


Continuous Source Current Modified MOSFET 
(Body Diode) symbol showing the 
integral reverse 

P-N junction rectifier 


Pulse-Source Current 
(Body Diode) 


Diode Forward Voltage (2) 


c =25°C, Is =12A, Ves =0V 
Tj =25°C, Ip =12A, dir/dt=100A/uS 


Reverse Recovery Time 


Notes: (1) Ty =25°C to 150°C 
(2) Pulse test: Pulse width <300yus, Duty Cycle <2% 
(3) Repetitive rating: Pulse width limited by max. junction temperature 


ELECTRONICS 


SSR3055L/U3055L 


N-CHANNEL 


LOGIC LEVEL MOSFET 


i Baal HTT fT | TPT Tt TTT Tt fe ce an a 
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Zthuc(t)/Rtnuc, NORMALIZED EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


SINGLE PULSE (TRANSIENT 
THERMAL IMPEDANCE) 


ty 
1. Duty Factor D= te 
2. Per Unit Base=Rinjc =1.0 Deg. C/W 


3. Tym-To = Pom Ztnuc (t). 


10-3 2 5 110 = 2 5 10>" 2 5 1 2 5 10 
t1. SQUARE WAVE PULSE DURATION (SECONDS) 


MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE JUNCTION-TO-CASE Vs. PULSE DURATION 


Vas =0 
f=1 MHz 
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C, CAPACITANCE (pF) 


0 10 20 30 


Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


40 50 0 4 8 12 16 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg, TOTAL GATE CHARGE (nC) 


TYPICAL CAPACITANCE Vs. DRAIN TO SOURCE VOLTAGE 
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TYPICAL GATE CHARGE Vs. GATE-TO-SOURCE VOLTAGE 
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KA2808 LINEAR INTEGRATED CIRCUIT 


LOW POWER CONSUMPTION EARTH LEAKAGE 
DETECTOR siaiall 


The KA2808 is a low power controller for AC outlet ground fault interrupters. 
This device detects hazardous grounding conditions and open circuits the 
AC line before a harmful or lethal shock occurs. Also contained internally is 
a 26(V) zener shunt regulator, and op amp, and a SCR driver. With the addi- 
tion of two sense coils, a bridge rectifier, a SCR, and a relay, the KA2808 
will detect and protect against both hot wire to ground and neutral wire to 
ground faults. 


FEATURES 


¢ Supply Voltage Drived from AC Line : 26(V) 
¢ Quiescent Current : 450(A) 


« Use for 120(V) or 220(V) Systems L 
¢ Meets U.L 943 Condition 
* Direct Interface to SCR ORDERING INFORMATION 


* Grounded Neutral Fault Detection 

- No Potentiometer Required | Device | Package Operating Temperature 

- Adjustable Sensitivity KA2808| 8 DIP 470 
0 ~+70°C 

BLOCK DIAGRAM 
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ELECTRONICS 


KA2808 | LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS* 


Supply Current 


Power Dissipation 


-65 ~ 150 
- 35 ~ 80 
300, DIP 


Storage Temperature Range 


Operating Temperature Range 


Lead Temperature Soldering = 60 sec 


ELECTRICAL CHARACTERISTICS r= 25°c, Is = 1.5m) 


Characteristic Symbol Test Conditions ae al oe 


Zener Voltage | Pin6 to Pin4 
Reference Voltage VREF Pin3 to Pin4 pase pws 
Quiescent Current | Va +Vs=24(V) = 400 750 
Offest Voltage | Vos Pin2 to Pin3 0 +3.0 mV 
+Output Voltage Swing VOH Pin7 to Pin3 7 72 


OPamp - Output Voltage Swing VOL Pin7 to Pin3 10.5 | 11.2 | 12.5 


| 
> 


+Output Source Current lO(SOURCE) | Pin7 to Pin3 —_ 650 


- Output Source Current IO(SINK) Pin7 to Pin3 — 
Gain Bandwidth Product | GBW F=50(KHz) 1.0 


| 
= 


as | 
© 
Cc 


“J ik 
N | © 
| 
= 
TT 
N 


Detector Reference Voltage VREF(DET)| Pin7 to Pin3 7 7.8 
| Ri Resistor(|s=0) R1 Pin2 to Pin3 — — | 10 | — | KOhm| 
R2 Resistor(ls=0) | R2 Pini to Pin3 | — | 10 | — | kohm| 
R3 Resistor(Is=0) R3 Pin5 to Pin4 3.5 4.7 5.9 | KOhm 
SCR Trigger Detector on Voltage VON(scR) | PinS to Pin4 15 | 2.8 V 
SCR Trigger Detector off Voltage VOFF(SCR)| Pin5 to Pin4 0 | 14 | 10 | mv 


ELECTRONICS 


KA2808 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS (Is = 1.5mA, over specified ee range) 


Characteristic Symbol Typ Max Unit 
Zener Voltage Pin6 to Pin4 24 V 
Reference Voltage VREF Pin3 to Pin4 | 12 13 V 
Quiescent Current la +Vs=24(V) = 500 800 uA 

Offest Voltage | Vos | Pin2 to Pin3 | 78.0 0 +5.0 mv 

Ofann +Output Voltage Swing VOH Pin7 to Pin3 6.5 re: 8.3 V 
- Output Voltage Swing VOL Pin7 to Pin3 -9 Tie -14 V 

Gain Bandwidth Product GBW F=50(KHz) = 1.8 — MHz 
Detector Reference Voltage VREF(DET) | Pin7 to Pin3 6.5 he 8.3 V 


R1 Resistor(Ils=0) R1 Pin2 to Pin3 = 10 = KOhm 
R2 Resistor(Is=0) R2 Pint to Pind 10 | — | KOhm| 
R3 Resistor(Is=0) R3 Pin5 to Pin4 34 | 47 
13 | 28 
0 


SCR Trigger Detector on Voltage VON(SCR) | Pin5 to Pin4 


SCR Trigger Detector off Voltage VOFF(SCR)| Pind to Pin4 
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KA317 LINEAR INTEGRATED CIRCUIT 


ee 


3-TERMINAL 1A POSITIVE ADJUSTABLE 70.220 
REGULATOR 

This monolithic integrated circuit is an adjustable 3-terminal positive 

voltage regulator designed to supply more than 1.5A of load current with 


an output voltage adjustable over a 1.2 to 37V. It employs internal 
current limiting, thermal shut-down and safe area compensation. 


Bitte 


FEATURES ne, A 


¢ Output Current In Excess of 1.5A 

e Output Adjustable Between 1.2V and 37V 
e Internal Thermal-Overload Protection 

¢ Internal Short-Circuit Current-Limiting 

e Output Transistor Safe-Area Compensation 


| 
1: Adj 2: Output 3: Input | | 


ORDERING INFORMATION 


Device | Package | Operating Temperature 
KA317 TO-220 0°C~ 125°C 


BLOCK DIAGRAM 
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KA317 LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (11=25°C, unless otherwise specified) 


Characteristic Symbol Value Unit 


Input-Output Voltage Differential | Vi-Vo 40 V 
Lead Temperature TLeap 230 °C | 
Power Dissipation Pp Internally limited a 
Operating Temperature Range Topr . O~ +125 °C 


Storage Temperature Range Tste —65 ~ +150 °C 


ELECTRICAL CHARACTERISTICS 


(Vi- Vo =5V, Io =0.5A, 0°C Ty < 125°C, Imax = 1 5A, Pax = 20W, unless otherwise specified) 


Characteristic Symbol Test Conditions Min Typ Max | Unit 
. 7. =05°C 3V <V,-Vo<40V %/V 
; » _ Se ee 
Line Regulation fe) A | 3V <V,-Vo<40V | oI 
| | T,= 25°C, 10MA<lo<Imax 
Vo <6V mV 
Voz5V %/Vo 
. AV = 
Load Regulation fo) OMA = los lax 
Vo =5V mV 
| Voz=5V %/Vo 
Adjustable Pin Current laps L. | pA 
2.5V<V\-Voxs40V 
Adjustable Pin Current Alans aideleion 5 yA 
Change Piet Bay 
= 
3V <Vin—-Vouts 40V 
Reference Voltage Vrer 10mA <lo<|max 1.20 | 1.25 | 1.30 V 
Pp <Pwmax 
Temperature Stability STr | 
Minimum Load Current to — V,—Vo=40V 
Maintain Regulation 
, Vi-Vo< 15V, Pp < Prax 
Maximum Output Current lo (MAX) V)—Vo<15V, Pp <Puax, Ta= 25°C 
RMS Noise, % of Vout en Ta = 25°C, 10Hz<f< 10KHz 
Vo=10V, f=120Hz 
Ripple Rejection RR without Cap, 
Caps = 10nF 


T, = 25°C for end point 


Long-Term Stability, Ts = Trick ST | measurements, 100HR 


Thermal Resistance Junction 
to Case 


Rec 


* Load and line regulation are specified at constant junction temperature. Change in Vp due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. (Pyax = 20W) 


ELECTRONICS 


KA317 LINEAR INTEGRATED CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 1 LOAD REGULATION Fig. 2 ADJUSTMENT CURRENT 
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KA317 LINEAR INTEGRATED CIRCUIT 


TYPICAL APPLICATIONS 


Fig. 5 Programmable Regulator 


Vo=1.25V (1452) + lao Re 
1 


C, is required when regulator is located an 
appreciable distance from power supply filter. 
Co is not needed for stability, however, it does 
improve transient response. 

Since Ip, is controlled to less than 100,A, the 
error associated with this term is negligible in 
most applications. 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 


-———— 


DUAL HIGH SPEED VOLTAGE COMPARATOR“? 


The KA219 is a dual high speed voltage comparator designed to oper- 
ate from a single +5V supply up to +15V dual supplies. 

Open collector of the output stage makes the KA219 compatible with 
RTL, DTL and TTL as well as capable of driving lamps and relays at 
Currents up to 25mA. Typical response time of 80ns with + 15V power 
supplies makes the KA219 ideal for application in fast A/D converts, level 
shifters, oscillaters, and multivibrators. 


FEATURES 44.S0P 


* Operates form a single 5V supply 

* Typically 80ns response time at + 15V 

* Open collector outputs: up to + 35V 

* High output drive current: 25mA 

* Inputs and outputs can be isolated from system ground 
* Minimum fan-out of 2 (each side) 

* Two independent compators 


BLOCK DIAGRAM 


KA319 14 DIP 
KA319D [14 SOP 
KA219 | 14 DIP 
KA219D 


O Vcc 


Q15 


A118 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


lue 
Supply Voltage Voc 36 
Output to Negative Supply Voltage Vo-- Vee 
Ground to Negative Supply Voltage 
Ground to Positive Supply Voltage 
Differential Input Voltage 
Input Voltage 
Output Short Circuit Duration 
Power Dissipation 


V\(OiFF) 
V 


Pp 


Operating Temperature Range KA219 —25 ~ +85 
KA319 0 ~ +70 
Storage Temperature Range —65 ~ +150 


ELECTRICAL CHARACTERISTICS 


(Vec= + 15V, Vee = —15V, T, = 25°C, unless otherwise specified) 


Characteristic Symbol Test Conditions 


Input Offset Voltage V 
(Note 1) ia 
Input Offset Current 
(Note 1) . 


Typ 


2.0 


10 | 200 


> 


fo) 


o/2 
So 
oS | © 


a8 
3S =) 


NO 
on 
oO 


Input Bias Current Isias 


—_ 
NO 
oO 
So 


Note 3 - oof |S 


Vi< -—6MV, Isinx<3.2MA 


Vec> 4.5V, Vee = OV 
Vi< -—10MV, Isinx <3.2mMA 


nee hii" ema : 
Current lowks) i 
V; >10mV, Vow) =35V 
Vec = + 15V 
Input Voltage Range Vir) Note 3 


0.3 


Voltage Gain Gy 10 ie 40 | VimV 
Response Time 7 fa 
(Note 2) hes [feeb 188 °° a a 
Vi < —5mV, lo=25mA 
Vi < —10MV, Io =25mA 06 | 15 
Saturation Voltage Vear | Voc>4.5V, Vee =0V ove 
oa | ve 


= 
3 


(=) 
ed o 
ah 
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ELECTRONICS 


KA219/KA319 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc= + 15V, Vee = — 15V, Ta = 25°C, unless otherwise specified) 


Characteristic 


Differential Input 
Voltage 


Symbol 


VIFF) 


Test Conditions 


Positive Supply 
Current 


lect 


= 


Voc a 5V, Vee —_ OV 


Positive Supply 
Current 


Negative Supply 
Current 


loc2 


Vec = + 15V 


lee 


Vec = + 15V 


KA219 KA319 
= | Unit 
Typ | Max | Min| Typ | Max 
+5 V 
+ r | 
3.5 3.6 mA 
| 7.5 | 11.5 7.5 | 12.5 | mA 
3) 45 3 | 5 | mA 


(eee ee eee eee OOOO 


Note 1. The offset voltage and offset currents given are the maximum values required to drive the output within 
a volt of either supply with a 1mA load. Thus, these parameters define an error band and take into account 
the worst case effects of voltage gain and input impedance. 

2. The response time specified is for a 100mV input step with 5mV overdrive. 


3. KA319: 0<Ta< + 70°C 
KA219: —25<Ta< +85°C 
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KA219/KA319 — LINEAR INTEGRATED CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 1 INPUT CURRENT Fig. 2 OUTPUT SATURATION VOLTAGE 


Jes | | 


£ om 
5 300 & 
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« =) 
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od 
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100 
Vee = + 15V 
‘ INPUT OVERDRIVE = 5.0mV 
-40 20 0 20 40 60. 80 : 
TEMPERATURE (°C) OUTPUT VOLTAGE (V) 
Fig. 4 RESPONSE TIME FOR VARIOUS 
Fig. 3 TRANSFER FUNCTION INPUT OVERDRIVER 


INPUT VOLTAGE (mV) 


OUTPUT VOLTAGE LOW (V) 


OUTPUT VOLTAGE HIGH (Vv) 


OUTPUT VOLTAGE (V) 


DIFFERENTIAL INPUT VOLTAGE (mV) TIME (nS) 


Fig. 5 RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVER Fig. 6 INPUT CHARACTERISTICS 


Voc = + 5.0V 


INPUT VOLTAGE (mV) 


INPUT BIAS CURRENT (nA) 


OUTPUT VOLTAGE (V) 


= es 
MAXIMUM DIFFERENTIAL 


| INPUT VOLTAGE 
0 


TIME (nS) 
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KA219/KA319 LINEAR INTEGRATED CIRCUIT 


Fig. 7 RESPONSE TIME FOR VARIOUS Fig. 8 RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVER INPUT OVERDRIVER 
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KA224/A, KA324/A, KA2902 LINEAR INTEGRATED CIRCUIT 


QUAD OPERATIONAL AMPLIFIERS TT = : 


The KA224 series consists of four independent, high gain, internally oa 
frequency compensated operational amplifiers which were designed 
specifically to operate from a single power supply over a wide voltage 
range. 

Operation from split power supplies is also possible so long as the 


difference between the two supplies is 3 volts to 32 volts. 
voltage. 


Application areas include transducer amplifier, DC gain blocks and all 
the conventional OP amp circuits which now can be easily implemented 
in single power supply systems. 


FEATURES 


e Internally frequency compensated for unity gain 

e Large DC voltage gain: 100dB 

e Wide power supply range: KA224/A, KA324/A: 3V ~32V (or +1.5~ 15V) 
KA2902: 3V ~ 26V (or +1.5V ~ 13V) 

¢ Input common-mode voltage range includes ground 

e Large output voltage swing: OV DC to Vcc-1.5V DC 

e Power drain suitable for battery operation. 


BLOCK DIAGRAM 


14 SOP 


ORDERING INFORMATION 


Operating Temperature 


OUT1 
IN1 (3 KA324 
KA324A , 
IN1 (+) KA324D O~ +70°C 
Voc KA324AD | '4 SOP 
IN2 (—) KA224A 
eine KA224D 


— 25 ~ + 85°C 
—40~ +85°C 
KAz=020 | 14 SOP | 


bag TT es. | 
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ELECTRONICS 


KA224/A, KA324/A, KA2902 


LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol KA224/KA224A KA324/KA324A KA2902 Unit 
Power Supply Voltage Voc + 18 or 32 + 18 or 32 +13 or 26 V 
Differential Input Voltage Vi(oIFF) 32 32 26 V 
Input Voltage V —0.3 to +32 -—0.3 to +32 —0.3 to +26 V 
Output Short Circuit to GND —e Conti Conti 
Voc<15V Ta= 25°C (One Amp) uous ontinuous ontinuous 
Power Dissipation Pp 570 570 570 mw 
Operating Temperature Range Topr —25~ +85 0~+70 —40~ +85 °C 
Storage Temperature Range Taxi ~65 ~ +150 —65 ~ +150 | _65 ~+4150 °C 
arr gn pmnenenee tictscceses ins pasleincmmemasSacc chicane maanssaoacan oeemiieneias ct 
ELECTRICAL CHARACTERISTICS 
(Vcc = 5.0V, Vee = GND, Ta, = 25°C, unless otherwise specified) 
KA224 KA324 KA2902 
Characteristic Symbol Test Conditions —— — ee Unit 
Min Typ| Max! Min| Typ Max Min|Typ| Max 
Vom = OV to Voc-1.5V 
| V 1. . 11.5) 7.0 1.5); 7.0; mV 
Input Offset Voltage Te) Vow) = 1.4V, Re = 00 9 9.0 5 | | 
b = + +——_———+ ——— _ 
Input Offset Current | lio | 2.0 | 30 3.0 | 50 3.0 50 | nA 
Input Bias Current Ipias | 40 | 150 40 | 250 | 40 | 250) nA 
t 3 T oo | 1 = 
Input Common-Mode V Voc = 30V 0 Voc 0 Voc 0 Vac V 
Voltage Range "I (Vcc = 26V for KA2902) 1.5 1.5 1.5 
L | — os beer ; a oe | 
R, =00, Voc = 30V (all Amps) 
1.0) 3 10} 3 10} 3 | mA 
Supply Current loc (Vcc = 26V for KA2902) 
—T “+ t ] + 7 | 
1 R, =00, Vcc = 5V (all Amps) 0.7 | 1.2 0.7 | 0.7; 1.2; mA 
4+ + + + + + 
Large Signal Vec = 15V, RL>2KO 
oe +—— 
V Voc — 30V ee V 
Output Voltage Swing, = = | Vcc = 26V for 2902 |R, = 10KQ 23 | 24 V 
Vow) |Vec=5V, RL>10KO 5 | 20 5 | 20 5 |100} mV 
+ + + + + + +- 
Sommon-Meds CMRR 70 | 85 65 | 75 50 | 75 dB 
Rejection Ratio 
posereuesy se Oe 
Ce PSRR 65 | 100 65 | 100 50 | 100 dB 
Rejection Ratio | 
= — = +—— + _+— + + —}—____4 + | 
Channel Separation CS | f= 1KHz to 20KHz 120 120 120 dB 
— | + a a er + + + + 
Short Circuit to GND Isc | 40 60 40 | 60 40 60 > mA 
+ —- —-— + >> — + == + — 
Vic4) = 1V, Vi-) = OV 
source 4 4 
| Veo= 15V, Vo e)=2V 20 40 | 20 | 40 | 20 | 40 mA 
V+) = OV, Vy-)=1V | 
1 1 
Output Current | Veo = 15V, Vo) =2V 10 | 13 0 | 13 | "| 3 mA 
| SINK T i “Tt r r 
Vii+) = OV, Vy-)=1V 
124 12 | 4 
Vcc = 15V, Vovp) = 200mV ° = an 
+ = - — —— = i —+} +- = + =. = Se 
Differential Input 
Voltage ° VioirF) Vee Vec |Vcc} V 
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KA224/A, KA324/A, KA2902 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Vee = GND, unless otherwise specified) 
The following specification apply over the range of — 25°C <Ta< +85°C for the KA224; and the 0°C <T, + 70°C for the 
KA324; and the — 40°C <T,< +85°C for the KA2902 


Characteristic 


Test Conditions 


Vicm = OV to Vec - 1.5V 


Gain 


Input Offset Voltage | Vio Vow) = 1.4V, Rs = 00 
Input Offset Voltage 

Drift AViol AT 

His —e en [ lio = 

Input set Current 

Drift Alol AT 

Input Bias Current Isias 

Input Common-Mode V Voc = 30V 

Voltage Range AP) (Voc = 26V for LM2902) 
Large Signal Voltage Gy Voc = 15V, RL>2.0KO 


Vo) =1V to 11V 


Output Voltage Swing 


Von) 


Voc = 30V Ru=2Ko 
Voc = 26V for 2902 |r, = 10Ka 


Vow) 


Voc = 5V, Ri> 10KQ 


Isource 


Vic+) = 1V, Vy-) =OV 
Voc = 15V, Vow) = 2V 


Output Current | 


Isink 


Vic+) = OV, Vi) = 1V 
Voc = 15V, Voir) = 2V 


Differential Input 
Voltage 


V\oiFs) 


Pessoa 
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LM224/A, LM324/A, LM2902 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Vee=GND, Ta= 25°C, unless otherwise specified) 


KA224A KA324A 


Characteristic Test Conditions 


Vom = OV to Veco — 1.5V 
Vo (P) = 1.4V, Rs=0 


Input Offset Voltage Vio 


Input Offset Current lio 


Input Bias Current IBias al 


Input Common-Mode 


V = 
Voltage Range 1(R) | Vcc = 30V 


Voc = 30V 
Voc = 5V 


Vec= 15V, Ri >2KQ 
Vow) =1V to 11V 


Supply Current (All Amps) 


Large Signal Voltage Gain 


Output Voltage Swing 


Common-Mode Rejection Ratio 


Power Supply Rejection Ratio 


Channel Separation f= 1KHz to 20KHz 


Short Circuit to GND 


Vic4y=1V, Vi(-) =O0V 
Voc = 15V 

Vic+) = OV, Vic-p=1V 
Voc = 15V, Voip) = 2V 
Vic+) = OV, Vic-y=1V 

Voc = 15V, Vo ip) = 200mV 


lsourceE 


Output Current 


20 
10 | 20 10 
50 12 
Voc 


Differential Input Voltage 


ELECTRONICS 


KA224/A, KA324/A, KA2902 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Vee = GND, unless otherwise specified) 


The following specification apply over the range of — 25°C <T,+85-C for the KA224A; and the 0°C<T,< +70°C 


for the KA3824A 


KA224A KA324A 
Characteristic Symbol Test Conditions Unit 
Min | Typ | Max | Min | Typ | Max 
Vom = OV to Vec-1.5V | 
Input Offset Voltage Vio Vo) = 1.4V Rs = 00 4.0 5.0 mV | 
Input Offset Voltage Drift AViol AT 7.0 | 20 7.0} 30 | pVvi°C 
Input Offset Current lio 30 75 nA 
Input Offset Current Drift Alol AT 10 | 200 10 | 300 | pA/°C 
2 ee cat (ana aa aaa ee aamary mene Ca En ees PE ede | 5 =) 
Input Bias Current Isias 40 | 100 40 | 200 nA 
Input Common-Mode Voc Voc 
V - 
Voltage Range “" i aad 0 20| 9 | 2.0 2 
| S cae a se 
Large Signal Voltage Gain Gy Voc = 15V Rp>2.0KQ | 25 15 V/imV 
Voc = 30V|RL=2KQ | 26 | 26 y 
Output Voltage Swing Vovp-p) IRL=10KQ| 27 28 27 28 
Vec = 5V R, <10KQ 5 20 5 20 mV 
V4) =1V Vy_) =0V | | 
— — om 10 | 20 10 | 20 mA 
Output Current = : 
utput Curren fo 
| He ANTE |g |g 5 8 mA 
SINK Vex = 15V | | 
Differential Input Voltage V\(o1FF) | Vec Veo | V 
551 
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ELECTRONICS 


KA224/A, KA324/A, KA2902 


LINEAR INTEGRATED CIRCUIT 


Fig. 1 INPUT VOLTAGE RANGE 


15 


Fig. 2 INPUT CURRENT 
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Ww 
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KA224/A, KA324/A, KA2902 


LINEAR INTEGRATED CIRCUIT 


INPUT VOLTAGE (Vv) 


OUTPUT VOLTAGE (V) 


OUTPUT SWING (V,,) 


OUTPUT VOLTAGE (V) 


SHSSS00000 
S800 on 
COTE 

AY 


TIME (u:8) 
Fig. 9 LARGE SIGNAL FREQUENCY RESPONSE 


10° 10° 10° 10° 
FREQUENCY (Hz) 


Fig. 11 OUTPUT CHARACTERISTICS 
CURRENT SINKING 


tS auesse 
TS] 


= +5V FR Att 
oth i mT TT 


a 10-? 10-' 
OUTPUT SINK CURRENT (mA) 


OUTPUT REFERENCED Vex (V) OUTPUT VOLTAGE (mv) 


Io-OUTPUT CURRENT (mA) 


Fig. 8 VOLTAGE FOLLOWER PULSE 
RESPONSE (SMALL SIGNAL) 


o 1 2 3 4 5§ 6 7 8 @g 
TIME (us) 


Fig. 10 OUTPUT CHARACTERISTICS 
CURRENT SOURCING 


Pett LULU 
CET TA 
LT 
ST 
CTT 
A 


10-° 10-? 10" 10? 
OUTPUT SOURCE CURRENT (mA) 


Fig. 12 CURRENT LIMITING 


TEMPERATURE (°C) 


ELECTRONICS 


983 


KA239/A, KA339/A, KA2901, KA3302 LINEAR INTEGRATED CIRCUIT. 


QUAD DIFFERENTIAL COMPARATOR 


The KA239 series consists of four independent voltage com- 
parators designed to operate from single power supply over a wide 
voltage range. 


14 DIP 


FEATURES 


« Single or dual supply operation 

* Wide range of supply voltages KA239/A, KA339/A: 2 ~ 36V | 
KA2901 (or +1~ +18V) 414 SOP 

KA3302:2 ~ 28V) 

(or +1~ +14V) | 


* Low supply current drain 800,A Typ. 
* Open collector outputs for wired and connectors 
* Low input bias current 25nA Typ. 
* Low input offset current + 2.3nA Typ. 
* Low input offset voltage + 1.4mV Typ. 
* Common mode input voltage range includes ground. 
+ Low output saturation voltage —__—__—_ 
* Output compatible with TTL, DTL and MOS logic 

system 


BLOCK DIAGRAM ORDERING INFORMATION 


—— 14 DIP 


KA239A 


Senn -— 25~ +85°C 
KA239D 
KA239AD 


KA2901 
KA2901D 

°o 
KA3302N 0 ~ +85°C 
KA3302D 


ELECTRONICS 


KA239/A, KA339/A, KA2901, KA3302 LINEAR INTEGRATED CIRCUIT 


SCHEMATIC DIAGRAM 


Vec O—__——_ 


IN(+)O 


in ¢~jO 


Supply Voltage Vec + 18 or 36 
Supply Voltage Only KA3302 Voc +14 or 28 
Differential Input Voltage Voir F) 
Differential Input Voltage Only KA3302 Vi(DiFF) 


Input Voltage Vv, —0.3 to +36 
Input Voltage Only KA3302 V; —0.3 to +28 
Output Short Circuit to GND Continuous 
Power Dissipation Pp 570 
Operating Temperature KA239/KA239A O~ 470 
KA339/KA339A —-25~ +85 
KA2901/KA3302 —-40~ +85 
Storage Temperature —65 ~ + 150 
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KA239/A, KA339/A, KA2901, KA3302 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5V, Ta= 25°C, unless otherwise specified) 


KA239/KA339 


KA239A/KA339A 
Min|Typ| Max 


Characteristic Symbol Test Conditions 


Vom = OV to Vec-1 5V 
Vovp) = 1 AV, Rs = 0 NOTE 1 


Input Offset Voltage Vio 


Input Offset Current 


NOTE 1 7 
Input Bias Current aan t 
; NOTE 1 
Input Common Mode V 0 
\(R) i 
Voltage Range NOTE 1 0 
Supply Current R, =0o 
Voltage Gain Gy Vcc = 15V, RL>15KQ (for large swing)| 50 


Large Signal 
Response Time 


Vi= TTL Logic Swing 
Vrer = 1.4V, Va. =5V, RL =5.1KO 


Vat = 5V, R, = 5.1KQ 
Vu-)>1V, V4) = OV, Voip) < 1.5V [ 6 


Response Time 


Output Sink Current 


Output Saturation y Vi-p=1V, V4) = OV 
SAT 

Voltage Isink = 4mA NOTE 1 | 

Output Leakage Vi(-) =0 Vor) = 5V | 

Current O(LKG) Via) =1V Vow) = 30V | 

L f | 

Differential Voltage Vi(DiFF) NOTE 1 | 
| 

* NOTE 1 | 


KA339/A: 0<Ta< +70°C 
KA239/A: —-25<Tax< +85°C 
KA2901/3302: -40<T,a< +85°C 
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ELECTRONICS 


KA239/A, KA339/A, KA2901, KA3302 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5V, Ta= 25°C, unless otherwise specified) 


Characteristic Test Conditions 


Typ 


Input Inout ote Voge Voltage Inout ote Voge | Vo | pa elahalecame sd [2], 7] [2] ao], 
Vor=14V,Re=0[NoTET || & 


Input Offset Current Le | 


NOTE 1 


Input Bias Current 


& 


Input Common Mode 


Voltage Range Vir) 


om 1000 - 
Vec-1 ka mil 13 
at 


V,=TTL Logic Swing 
Vrer = 1.4V, Val =5V, RL =5.1KQ 


Vovp) = 5V 


Vor) = 30V 


NOTE 1 
NOTE 1 KA339/A: 0<Ta< +70°C 

KA239/A: — 25 <T,+85°C 

KA2901/3302: - 40<Ta< +85°C 


Differential Differential Voltage | 
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KA239/A, KA339/A, KA2901, KA3302 LINEAR INTEGRATED CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 1 SUPPLY CURRENT Fig. 2 INPUT CURRENT 


i. 
are TT 
=o 


Fan ni a SO a 
ec 
ie ae ae 
ccoaaee 
ar ee 


0 
0 5 10 15 20 25 KY 35 40 


SUPPLY CURRENT (mA) 


INPUT CURRENT (nA) 


SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 


Fig. 3 OUTPUT SATURATION VOLTAGE Fig. 4 RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVE-NEGATIVE TRANSITION 


= = mui 

i 

<gecelien diay aps = ss: 
hin 


INPUT VOLTAGE (mV) 


SATURATION VOLTAGE (V) 


OUTPUT SINK CURRENT (mA) 


OUTPUT VOLTAGE (V) 


0 0.4 0.8 1 1.4 


TIME (usec) 


Fig. 5 RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVE-POSITIVE TRANSITION 


INPUT VOLTAGE (mA) 


OUTPUT VOLTAGE (V) 


TIME (usec) 
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KA34063A 


DC TO DC CONVERTER CONTROLLER 


The KA34063A is a monolithic requlator subsvstem intended for use 
as DC to DC converter. This device contains a temperature compen- 
sated bandgap reference, a duty-cycle control oscillator, driver and 
high current output switch. 

It can be used for step down, step-up or inverting switching regulators 
as well as for series pass regulators. 


FEATURES 


e Operation From 3.0 to 40V Input 

¢ Short Circuit Current Limiting 

e¢ Low Standby Current 

¢ Output Switch Current of 1.5A Without External Transistors 
¢ Output Voltage Adjustable 

e Frequency Of Operation From 100Hz to 100KHz 

¢ Step-Up, Step-Down or Inverting Switching Regulators 


BLOCK DIAGRAM 


o> 


COMPARATOR 
INVERTING 
INPUT 


GND 


Ipk SENSE (7) 


OSCILLATOR 
TIMING 
CAPACITOR 


*Voc(6) 


LINEAR INTEGRATED CIRCUIT 


8 DIP 


| 
| 
| 


ORDERING INFORMATION 


Device | Package Operating Temperature 
KA34063A 8DIP O0~ +70°C 


DRIVE SWITCH 
COLLECTOR COLLECTOR 


S 
Q Q2 
Q1 
R 
SWITCH 
EMITTER 


pennsonid 
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KA34063A LINEAR INTEGRATED CIRCUIT 
ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


— 


Comparator Input Voltage Range ae 


Switch Collector Voltage Vc (sw 


Switch Emitter Voltage _ Ve (sw) 


Switch Collector 
To Emitter Voltage 


Vce (sw 


Voor) 


Driver Collector Voltage 


Switch Current Isw 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, T,=0°C to + 70°C, unless otherwise specified) 


ere | Sst | vetcontom | wm | tw [wm | oot 


OSCILLATOR 


Voc = 5 to 40V 
22 31 


Vec =5 to 40V 


Charging Current 


Discharging Current IbiscHe T, = 25°C 140 190 pA 
Oscillator Amplitude Viose) Ta = 25°C 0.5 V 
Discharge To Charge Pi = Voc 
Current Ratio a=25°C 5.2 o.1 78 
Current Limit Sense IcHe =! 
V  . DISCHG 

Voltage SENSE(C.L) = 25°C 250 300 350 mV 
OUTPUT SWITCH 

; Isw=1.0A, 
Saturation Voltage 1 (Note) Voesan1 Ve (driver) = Ve (SW) 

Isw = 1.0A, 
Saturation Voltage 2 (Note) Veeisan2 Ve (driver) = 50mA 
DC Current Gain (Note) a . pee — 50 
ce =9.UV, la= 


Collector off State Current (Note) 
COMPARATOR 
Threshold Voltage VtH 1.21 1.24 1.29 V 


Threshold Voltage 
Line Regulation 


Input Bias Current Isias Vi =0V 50 400 nA 
TOTAL DEVICE 


C(OFF) Voe = 40V, Ta = 25°C 


AVtnH Vec =3 to 40V 2.0 5.0 mV 


Vcc =5 to 40V 
Cy =0.001 pF 
Supply Current lec V7=Vec 2.1 4.0 mA 
Vs>VtH 
pin2 = GND 


(Note) 
Output switch tests are performed under pulsed conditions to minimize power dissipation. 


pesasand 
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KA34063A LINEAR INTEGRATED CIRCUIT 


TEMPERATURE DRIFT (Vth) TEMPERATURE DRIFT (loc) 
KA34063A KA34063A 


STEP-DOWN MODE 
ates +— Voc = 25 (V) 


Vo=5 (V) 


lec (mA) 


TEMPERATURE (°C) TEMPERATURE (°C) 
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KA3525A LINEAR INTEGRATED CIRCUIT 


VOLTAGE-MODE PWM CONTROLLER Zz 4] 


16 DIP 


The KA3525A is a monolithic integrated circuit that included all of 
the control circuit necessary for a pulse width modulating regulator. 
There are a voltage reference, an error amplifier, a pulse width 
modulator, an oscillator, under-voltage lockout, soft start circuit, and 
output drivers in the chip. 


FEATURES . 


e 5V+1% Reference 

¢ Oscillator Sync Terminal 
e Internal Soft Start 

e Deadtime Control 

e Under-Voltage Lockout aan 


ORDERING INFORMATION 


Operating Temperature 
KA3525A | 16 DIP O0~ +70°C 


BLOCK DIAGRAM 


oe se ve 
BA 
Voc (15) ND GAP U.V.L.O. (3) 


REF 5V 
GND (12) 


ented (a) ERR ak. @ 
AMP 


EA (+ a 
Bet 4 OUTPUT A 


EA OUT (2) 
LATCH 
e@ 
S R 


en) - = 
(SOFT ‘ea. @ 


START) 
_ OUTPUT B 
5K c:(5) Q 
OSCILLATOR F/F 
Q 
5K 


\/ 
y, DISCHARGE 
OO) OO 
SYNC R, OSC 
OUTPUT 
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KA3525A LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Cc 


Collector Supply Voltage V 40 
Output Current, Sink or Source lo 500 


Reference Output Current lRer 
Oscillator Charging Current IcHa(osc) 
Power Dissipation (Ts = 25°C) Pp 


Operating Temperature 
Storage Temperature 


Lead Temperature (Soldering, 10 sec) 


ELECTRICAL CHARACTERISTICS 


(Vcc = 20V, Ta=0°C to + 70°C, unless otherwise specified) 


eerste] Tt Geatne | wn | | wm | Oo 
Total Output Variation (Note 1) AVner 


REFERENCE SECTION 
Reference Output Voltage T, =25°C 

| 3 | mV 

20 mV 

Long Term Stability (Note 1) ST T; = 125°C, 1 KHrs — 20 | 50 mV 

4 


e 
< 


Short Circuit Output Current Isc 


Line, Load and Temperature 


Line Regulation Vcc = 8 to 35V 
OSCILLATOR SECTION 


lner = 0 to 20mA 
Vaer=0, Ty = 25°C 
Initial Accuracy (Note 1, 2) T= 25°C 
Voc =8 to 35V (Note 1, 2) 
Rr =2KQ, Cr=470pF 
Rr = 200KQ, Cr =0.1yF 


+0.8 +2 % 


Frequency Change With Voltage 
Maximum Frequency 
Minimum Frequency | 
Clock Amplitude (Note 1, 2) 
Clock Width (Note 1, 2) 
Sync Threshold 

Sync Input Current 


twictk) 


VTH(SYNC) 


l\SYNC) Sync =3.5V 
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ELECTRONICS 


KA3525A 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 20V, Ta=0°C to + 70°C, unless otherwise specified) 


Characteristic Symbol 


Test Conditions 


Le ee 


ERROR AMPLIFIER SECTION (Vow = 5.1V) 


Input Offset Voltage 


Input Bias Current 


Ibias 


Input Offset Current 
Open Loop Voltage Gain 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 
PWM COMPARATOR SECTION 


Minimum Duty Cycle 


Maximum Duty Cycle 


Input Threshold Voltage (Note 2) 
Input Threshold Voltage (Note 2) 


SOFT-START SECTION 


Soft Start Current 


Soft Start Low Level Voltage 


Shutdown Threshold Voltage 


Shutdown Input Current 


OUTPUT SECTION 


Low Output Voltage | 


Low Output Voltage II 


High Output Vcltage | 


High Output Voltage II 


Under Voltage Lockout 


Collector Leakage Current 


Rise Time (Note 1) 


Fall Time (Note 1) 


STANDBY CURRENT 


Supply Current 
(Note) 


loc 


Voc = 35V 


lio 
Gye 8 | 0 | | a 
| OMAR | Vow=1.5 to 5.2V a dB 
PSRR | Vcc=8 to 3.5V 60 | dB 
Downy aa % 
2) | Vou Zero Duty Cycle -o7 | o9 | |v. 
VtHe | Max Duty Cycle 3.6 V 
| Isorr | Vs0= OV, Vos = OV 25 | 51 | 80 | yA 
| Vaso 08 | 1 V 
Iyeo)_ | Vsp = 2.5V oe oe tf 
| ; Vou Isink = 100mMA Hoe 2 |v 
Vout | source = 20MA 18 V 
Von ti lsournce = 100mA L | —2w | flv 
luxe Voc = 35V 80 200 | yA 
ta | C.=fuF, Ts = 26°C = 80 600 | ns 
| t Cu=1pF, T)=25°C - | 70 | 300 | ns 


D a 
pe) 
oO 


1 mA 


1. These parameters. although guaranteed over the recommended operating conditions, are not 100% tested in 


production 


2. Tested at fosc = 40 KHz (Rr = 3.6K, Cr =0.01,F, Rp = 00) 


tiles 
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KA3525A LINEAR INTEGRATED CIRCUIT 


TEST CIRCUIT 


BAND GAP 
REF 5V U.V.L.O. 


OUT B 
Ver OY CO 


SHUTDOWN 
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KA258/A, KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


DUAL OPERATIONAL AMPLIFIERS 8D 


The KA258 series consists of four independent, high gain, internally fre- 
quency compensated operational amplifiers which were designed specifically 
to operate from a single power supply over a wide range of voltage. 
Operation from split power supplies is also possible and the low power supply 
current drain is independent of the magnitude of the power supply voltage. 
Application areas include transducer amplifier, DC gain blocks and all the | 
conventional OP amp circuits which now can be easily implemented in single | =r 
power supply systems. 


FEATURES 


e Internally frequency compensated for unity gain 
e Large DC voltage gain: 100dB 


9 SIP 
* Wide power supply range: KA258/A, KA358/A: 3V ~ 32V 
(or +1.5V ~ 16V) 

KA2904: 3V ~ 26V (or + 1.5V~ + 13V) 
¢ Input common-mode voltage range includes ground 
e Large output voltage swing: OV DC to Vec-1.5V DC ey, 
¢ Power drain suitable for battery operation. |) 1° YFG, ‘ 
BLOCK DIAGRAM L Td 


ouT1(1 ) 


IN1 (-) 


DOYOOOOOO® 
Int (+) (3) 8 5 z= = 8 
Zz Zz 


Gnp(4) 


KA358 
KA358A 


KA358S 
KA358AS 


KA358D 
KA358AD 


KA258 
KA258A 


O~ +70°C 


KA258S 5 
KA258D 

Kazssap | 8 SOP 

KA2904 8DIP 


ELECTRONICS 


KA258/A, KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol KA258/KA258A | KA358/KA358A KA2904 


Supply Voltage + 16 or 32 + 16 or $2 +13 or 26 
Differential Input Voltage Jes +32 + 32 + 26 
Input Voltage Vv —0.3 to +32 -—0.3 to +32 -—0.3 to +26 
Output Short Circuit to GND 
Vec<V Ta=25°C (One Amp) 
Operating Temperature Range 
Storage Temperature Range 


Continuous 


—4Q~ +85 
— 65 ~ + 150 


Continuous 


0~+/70 
—-65~ +150 


Continuous 


—25~+85 
— 65 ~ + 150 


Topr 
Tste 


ELECTRICAL CHARACTERISTICS 


(Vcc =5.0V, Vee = GND, Ta =25°C, unless otherwise specified) 


KA258 


nT 
Min | Typ|Max|Min|Typ Max! Min| Typ) 
Vom =OV to Vec -— 1.5V 
V 
Input Offset Current | 50 50 | nA 
Input © o | | DSnOeOCey 
Input Bias Current | lpias : L. 45 | 150 45 | 250 | | 45/250] nA | 
Input Common-Mode V Voc = 30V 0 Voc 0 Vec Voc V 
Voltage Range KP) | (KA2904, Vcc = 26V) 15 15 1.5 


| R, =0oo, Vcc = 30V 
0.8 | 2.0 0.8 | 2.0 2.0| mA 
Supply Current loc ~~ | (KA2902, Vcc = 26V) 20 


R, = ce, ver full temperature ange | we 1.2 0.5 | 1.2 el mA 


| See feck... Se en L 
Large Signal Voo = 15V, Ri>2KQ | 


Characteristic Symbol Test Conditions 


bee 
: Veco = 30V 
Output Voltage Swing hi Voc = 26V for 2904 |p, = 10kQ| A 
O(L 


Commion-Mode CMRR 70 | 85 65 
Rejection Ratio an | + 


Power Supply PSRR | 65 50 |100 dB 
Rejection Ratio 
Channel Separation CS. |f=1KHz to 20KHz 420 as dB 


) & 


Short Circuit to GND Isc 40 | 60 40 | 60 40 | 60 | mA 
V+) = 1V, Viy-) =OV 
1 30 30 A 
lsouRcE Veo = 15V, Vow) = 2V 10 | 30 0 | 10 m 
Output Current Maeve ¥, Veg TY 10 | 15 10 | 15 10 | 15 mA 
| utput Curren Veo = 15V, Vow) = 2V | 
Isink | 7 7 | —T 
ey = OY, Meaye WV 12/100 12/100 A 
Vec = 15V, Vovp) = 200mV | " 
} t + + T ~+ + + + T | 
Differential Input 
V 
Voltage |» NDIFF) Vec Voc Vec| V 
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KA258/A, KA358/A, KA2904 


LINEAR INTEGRATED CIRCUIT | 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Vee = GND, unless otherwise specified) 
The following specification apply over the range of - 25°C <T,< +85°C for the KA258; and the 0°C<T,a< + 70°C 


for the KA358; and the —- 40°C <T, + 85°C for the KA2904 


Characteristic Symbol 


Input Offset Voltage Vio 
|__ 
Input Offset Voltage 
Drift 


Vio 


Test Conditions 


Vom = OV to Veco -— 1.5V 
Vor = 1.4V, Rs =00 


Rs = 02 


Input Offset Current 


lio 


Input Offset Current 
Drift 


Input Bias Current 


Input Common-Mode 


Voltage Range Vir) 


Large Signal Voltage 


Gain Gy 


VowH) 
Output Voltage Swing 


Vow) 


lsource 
Output Current 


Voc = 30V 
(KA2904, Vcc26V) 


Voc = 15V, RL>2.0KQ 
‘Voip =1V to 11V 


26 


Voc = 30V R, = 2KQ 
Voc = 26V for 2904 R, = 10KQ 


27 


Vec= 5V, Ri> 10KQ 


Vy+) = 1V, Vi-) =0V 
Vec = 15V, Vowy= 2V 
Vi+) = OV, Vy-)=1V 
Voc = 15V, Voip) = 2V 


a Isink 
D 


ifferential Input 
Voltage 


10 


5 


8 


5 


<e) 


ened 
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KA258/A, KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5.0V, Vee=GND, Ta=25°C, unless otherwise specified) 


KA258A iT tar 
Characteristic Symbol Test Conditions T 
Vom = OV to Voc — 1.5V 
Input Offset Voltage Vio Vor) = 1.4V, Rg =0 1.0 | 3.0 ela 
— + + + 
Input Offset Current | lio 15 Bt 


Input Bias Current Ipias 45/100] nA 
+ 


[ 
Input Common-Mode _ ps Voc 
Voltage Range "ie | ii ae ° teste 
~ 
AR =0eo, Vcc = 30V 0.8 | 2.0 0.8}; 2.0! mA 
Supply Current loc : = t t 2.0 | mA 
Risen, over full temperature range 0.5 | 1.2 0.5 
25 


Large Signal Voltage Gain Gy igen ola 50 | 100 (25/100) | inv 
oO _— 


| 
| 
g Voc = 30V Ri = 2KQ | 26 
Output Voltage Swing °" | Vec = 26V for 2904 |R, = 10KQ | 27 
+ 
Vow | Veo =5V, Ri>10KQ | | 5 
Common-Mode Rejection Ratio; CMRR 70 
Power Supply Rejection Ratio | PSRR 65 
Channel Separation CS |f=1KHz to 20KHz 
t ‘i 
Short Circuit to GND Isc 
| Via tV, Vic- »=O0VOV 20 
SOURCE Vec = 15V, Voyp) = = 2 
Output Current ee pe | 10 
— See Voc = 15V, Vo =2V 
Isink ] 
Vins = OV, Win S1¥ 12 
Vow) = 200mV 
Differential Input Voltage V (DIFF) 
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KA258/A, KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS (vcc=5.0V, Vee=GND, unless otherwise specified) 


The following specification apply over the range of —- 25°C <T,s< +85°C for the KA258A; and the 0°C<T,< +70°C 
for the KA358A 


KA258A KA358A 
Characteristic Test Conditions aia roa (ia Ac i ] - Unit 
in | Typ | Max | Min | Typ | Max 
Input Offset Voltage Vio vs ees - oo 4.0 5.0 1 mV 
O(P) — oe ’ s= 
1 1 1 ] 
Input Offset Voltage Drift | AVio/AT 7.0} 15 | ell Rs VIC | 
+ “+ + T 1 
Input Offset Current lio | 30 | 75 [ nA 
Input Offset Current Drift | Alio/AT 10 | 200 | 10 300 | pAl*C 
Input Bias Current Ipias | 40 | 100 | 40 | 200 nA 
+ + + + 4 
Input Common-Mode _ | Vcc Voc 
Voltage Range Vip | Voc = SOV 20| ° -2.0 | " 
+ + + T ae 4 
” Voc = 30V R. = 2KQ | 26 | [ [ 26 | | | V 
Output Voltage Swing O(n) | Vee = 30V R.=10KQ | 27 | 28 27 | 28 V 
+ + + + + + | 
Vow) Voc = 5V, Ri> 10KQ 5 20 | 5 20 mvV 
+ + a — 
Large Signal Voltage Gain} Gy, viento ae 25 | 15 VimV 
alae ames | 10 | 20 | 10 | 20 | | A 
agent Sue IsouRCE | Veg = 15V, Vop) = 2V | m 
utput Curren | Tin = OV, VioaiV | | as 
SINK Woo = 15¥, Vine = OV 5 9 | 5 9 mA 
Differential Input Voltage Vi (DIFF) Voc Vec| V 


ELECTRONICS 


KA258/A; KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 1 SUPPLY CURRENT Fig. 2 VOLTAGE GAIN 


| | TT if aaa 


mama 7a 
TT ay fi 
1 CE 10-? LEE | 


10-? 10-' 10° 10' 10? 10-3 10-2 10' 10? 


E 8 
- z 
z — 
w S 
= Ww 
> < 
: 3 
a > 
2 i 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
Fig. 3 OPEN LOOP FREQUENCY RESPONSE Fig. 4 LARGE SIGNAL FREQUENCY 
; | 
fi : 
3 
Ni vessel ll =30V & tin 
NY ey \ -~25°C<T,< +8 4 
db. hi, = 
WN 3 
| Vee = 10 to 15V & ° 
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ELECTRONICS 


KA258/A, KA358/A, KA2904 LINEAR INTEGRATED CIRCUIT 


Fig. 7 INPUT VOLTAGE RANGE Fig. 8 COMMON-MODE REJECTION RATIO 
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ELECTRONICS 


KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 
esd einimaeinn pein enniiedes cee, 


CURRENT-MODE PWM 
CONTROLLERS 


The KA3842B/3B/4B/5B are fixe frequency current-mode 
PWM controller. They are specially designed for Off-Line 
and DC-to-DC converter applications with minimal external 
components. These integrated circuits feature a trimmed 
oscillator for precise duty cycle control, a temperature 
compensated reference, high gain error amplifier, current 
sensing comparator, and a high current totempole output 
Ideally suited for driving a power MOSFET. 

Protection circuity Includes built in under-voltage 
lockout and current limiting. 

The KA3842B and KA3844B have UVLO thresholds of 16V 
(on) and 10V (off). The KA3843B and KA3845B are 8.5V 
(on) and 7.9V (off). The KA3842B and KA3843B can operate 
within 100% duty cycle. The KA3844B and KA3845B can 
operate withi 50% duty cycle. 


FEATURES 
¢ Low Start Up Current 


e Maximum Duty Clamp ORDERING INFORMATION 


e U/V Lockout With Hysteresis 
¢ Operating Frequency Up To 500 KHz 


BLOCK DIAGRAM 


5V SET/ <i 
Ls) RESET : 


INTERNAL 
BIAS LOGLG 


U.V.L.O. 


PWR VC (11) 


Vee (3) 
oO OUTPUT (10) 
COMP (1) © 


CURRENT SENSE (5) 


Ry/Cy (7) 


(4) OSCILLATOR 


*( JIS 14SOIC PIN NO 
*TOGGLE FLIP FLOP USED ONLY IN KA3844B, KA3845B 


tie 


ELECTRONICS 


PWR GND (8) 
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KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


Output Current 

Analog Inputs 

Error Amp Output Sink Current Isink (€.A) 
Power Dissipation (T, = 25°C) Pp 


ELECTRICAL CHARACTERISTICS 


(*Vec = 15V, Rr=10KQ, Cr=3.3nF, T,=0°C to + 70°C, unless otherwise specified) 


Characteristic Symbol Test Conditions Min | Typ | Max | Unit 


REFERENCE SECTION 


Reference Output Voltage Ty= 25°C, Ipep = 1MA 
Line Regulation A Vrer 12V <Vcc < 25V 
AVrer | 1MA<Iper<20MA 


Ta=25°C 


a 
OSCILLATOR SECTION 


ERROR AMPLIFIER SECTION 


Input Bias Current ee ee 
| Ven 


Input Voltage Vxe.a) 


Open Loop Voltage Gain | Gio 2V <Vo<4V 
Power Supply Rejection Ratio | PSRR 12V <Vcc <25V 
Output Sink Current tem | V2=2.7V, V;=1.1V 


5.10 


< 


<|< 


> 


< 
3 


3 . = 


Oo 
=k 


< 
i] 

Nm 
oO 
<, 


70 
7 
-1.0 


Gvo 
Output Source Current V2=2.3V, V;=5V 
High Output Voltage Vou V2=2.3V, R, = 15KQ2 to GND 

Vor 


Low Output Voltage | Vo | V2=2.7V, R,=15KQ to Pin 8 
CURRENT SENSE SECTION 


<< 


re core 
Power Supply Rejection Ratio | PSAR | 12V<Voos25V (Note 1) 
input Bias Curent | tows | 


70 


ad 
a 
oS < 
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ELECTRONICS 


KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS (continued) 


(*Vec = 15V, Rr= 10KQ, C7 =3.3nF, Ta=0°C to + 70°C unless otherwise specified) 


OUTPUT SECTION 


‘ewww | et Le 
ec 
Pecos pe Hee petet te 
ee a 
te [tin Ce nF Not 9) =< 
Spattme esa arte | 


Start Threshold VTH(sT) 
KA3843B/45B 8.4 
dir Cometina Veins ' KA3842B/44B 85 | 10.0 V 


PWM SECTION 


KA3842B/43B 


esas De 
Min. Duty Cycle | Dw | 


TOTAL STANDBY CURRENT 


Start-Up Current Ist 
Operating Supply Current scorn V3= pacman =OV face 


*Adjust Vcc above the start thresheld before setting at 15V 
Note 1. Parameter measured at trip point of lath with V2.=0 


2. Gain defined as: AV; 
= AY, 0<V3<0.8V 
3 


Max. Duty Cycle 


3. These parameters, although guaranteed, are not 100% tested in production. 


ELECTRONICS 


KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


Fig. 1 Open Loop Test Circuit 


2N 
4.7K WW \ 2222 (A) 
Z) ) 
O 
E/A 1K 
ADJUST 
r 5K 
SENSE 
ADJUST 
4.7K 


1K/1W 


OUTPUT 


High peak currents associated with capacitive ioads necessitate careful grounding techniques Timing and bypass 
Capacitors should be connected close to pin 5 in a single point ground. The transistor and 5KQ potentiometer are 


used to sample the oscillator waveform and apply an adjustable ramp to pin 3. 


Fig. 2 Under Voltage Lockout 


ON/OFF COMMAND 


loc 
TO REST OF IC 
KA3842B/4B| KA3843B/5B 2iSmas 
Von 8.4V 
Vices 10 7.6V 
<1mA 
Voc 


Vorr Von 


During Under-Voltage Lock-Out, the output driver is biased to a high impedance state. Pin 6 should be shunted 


to ground with a bleeder resistor to prevent activating the power switch with output leakage current. 


Fig. 3 Error Amp Configuration 


2.5V 


Error amp can source or sink up to 0.5mA 


rranssuad 
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KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


Fig. 4 Current Sense Circuit 


CURRENT 
SENSE 


CURRENT COMPARATOR 


SENSE 


Peak current (ls) is determined by the formula: 
1.0V 


S 


Is(max) = 


A small RC filter may be required to suppress switch transients. 
Fig. 5 Oscillator Waveforms and Maximum Duty Cycle 
LARGE Rr 


SMALL Cr 
Ve 


INTERNAL CLOCK 


SMALL Rr 


LARGE Rr 
/f/\y V4 


Oscillator timing capacitor, Cy, is charged by Vrer through Rr, and discharged by an internal current source. 
During the discharge time, the internal clock signal blanks the output to the low state. Selection of Rr and Cr 
therefore determines both oscillator frequency and maximum duty cycle. Charge and discharge times are deter- 
mined by the formulas: 


t.=0.55 Rr Cr 


0.0063 Ry — ats 
0.0063 R;-— 4 


Frequency, then, is: f=(t. + ta)” ' 


1.8 
For Rr>5KQ, f= RC, 


PSAMS UNG . 


ELECTRONICS 


t= Rr Cr In( 


KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


Fig. 6 Oscillator Dead Time & Frequency 
DEADTIME vs Cy (Rr>5K) Fig. 7 Timing Resistance vs Frequency 


30 
te (us) 
ann 
1 


Fig. 8 Shutdown Techniques 


Rr (KQ) 


FREQUENCY (Hz) 


1K 


COMP 


SHUTDOWN 


SHUTDOWN QO TO CURRENT 
SENSE-RESIST DR 


Shutdown of the KA3842B can be accomplished by two methods; either raise pin 3 above 1V or pull pin 1 below 
a voltage two diode drops above ground. Either method causes the output of the PWM comparator to be high (refer 
to block diagram). The PWM latch is reset dominant so that the output will remain low until the next clock cycle 
after the shutdown condition at pins 1 and/or 3 is removed. In one example, an externally latched shutdown may 
be accomplished by adding an SCR which will be reset by cycling Vcc below the lower UVLO threshold. At this 
point the reference turns off, allowing the SCR to reset. 


Fig. 9 Slope Compensation 


KA3842B/3B 


|“ 


SUFL 


RSENSE 


ISENSE 


A fraction of the oscillator ramp can be resistively summed with the current sense signal to provide slope compen- 
sation for converters requiring duty cycles over 50%. 


Note that capacitor, C, forms a filter with R2 to suppress the leading edge switch spikes. 


PSims unig 


ELECTRONICS 


608 


KA3842B/3B/4B/5B LINEAR INTEGRATED CIRCUIT 


Fig. 10 TEMPERATURE DRIFT (Vref) Fig. 11 TEMPERATURE DRIFT (1st) 
KA3842B 


KA3842B 
5.02 


Voc = 15 (V) 


5.01 


1st (mA) 


4.98 


4.97 


4.96 
- 50 


-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) TEMPERATURE (°C) 


Fig. 12 TEMPERATURE DRIFT (Icc) 
KA3842B 


- 50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
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ELECTRONICS 


KA293/A, KA393/A, KA2903 LINEAR INTEGRATED CIRCUIT 


DUAL DIFFERENTIAL COMPARATOR 8 DIP 


The KA293 series consists of two independent voltage comparators 
designed to operate from a single power supply over a wide voltage 
range. 


FEATURES 


e Single Supply Operation: 2V to 36V 

¢ Dual Supply Operation: +1V to +18V 

¢ Allow Comparison of Voltages Near Ground Potential 
e Low Current Drain 800A Typ 

¢ Compatible with ail Forms of Logic 

¢ Low Input Bias Current 25nA Typ | 
e Low Input Offset Current + 5nA Typ a SIP 
e Low Offset Voltage + 1mV Typ 


BLOCK DIAGRAM 


8 SOP 


OUTPUT 1 (8) Voc 


© IN2(-) 
GND I IN2( +) 
ORDERING INFORMATION 


sd 
mr 


cr 


a i 


ELECTRONICS 


KA293/A, KA393/A, KA2903 LINEAR INTEGRATED CIRCUIT 


SCHEMATIC DIAGRAM 


Vcc O-——__ 


IN (+)@© 


IN(-)Q O OUTPUT 


GND O 


ABSOLUTE MAXIMUM RATINGS 


Power Supply Voltage Voc +18 or 36 
Differential Input Voltage Vicuer) 36 
Input Voltage Vi —0.3 to +36 V 
Output Short Circuit to GND Continuous 
Power Dissipation Pp 570 
Operating Temperature 
KA393/KA393A O~ +70 
KA293/KA293A Torr _25~ +85 
KA2903 —40~ +85 
Storage Temperature Tste —65 ~ + 150 
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ELECTRONICS 


KA293/A, KA393/A, KA2903 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS (Vcc =5V, Ta= 25°C, unless otherwise specified) 


A) KA293/KA393 
cul bad Rc al i ee 
Vom = OV to Veo — 1.5V }+1] #2 | #2 | [+1] #5] 
recon | Ve Re NOTE ae oicee 
<a 
| aac 250 
BIAS NOTE 1 ge} 8 400 


fe eee 

° NOTE? | 0 | | Moo | O || Veo? 

depeiacuneth cos R00 fest {feel tT 
Rise Voc=90V | fos) 25 | 08) 25 

Voltage Gain Gy | Veco = 15V, Ry> 15KQ (for large Voyp.p) swing) 60200] | 50 |200} | Vimvs 

Large Signal Response 

Time 


V,=TTL Logic Swing 
Vaer = 1.4V, Va. =5V, Ri=5. 

response Time) ws Va=ov.Rcsima | ital) eal 

Output Sink Curent ViBIV. erOV,Vonsgt5¥ | 6 18) [| 18) | ma 

eee en ee me ma NOTE 1 ae 


coeimetne e nee) Pw Ph 


NOTE 1 

KA393/A: 0<Ta<+70°C 
KA293/A: —-25<T,+85°C 
KA2903: —-40<Ta< +85°C 


Characteristic Test Conditions 


Input Bias Current 
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ELECTRONICS 


KA293/A, KA393/A, KA2903 LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS (vcc=5v, T,=25°C, unless otherwise specified) 


Characteristic Test Conditions 


ka2903 
Te 
omen | SES eee 
perme ee ea 
perme fe | eae 
memes [=| pee te 


0.6 


Supply Current isos 
u urren 
pply cc Ri=eo Veo = 30V 


Voltage Gain Voc = 15V, Ri> 15K@ (for large Vo.) swing 


Large Signal Response V,=TTL Logic Swing 
Time 


on 
_ 
oO — 
oO 


=| - 
3 < 
< > - 


Vrer = 1.4V, Var = 5V, R, = 5.1KQ 


Output Sink Current Vy-y>1V, Vis) =OV, Vow) <1.5V 


. Viu-)>1V, V+) = OV 
Output Saturation Voltage | Vsar |. ama NOTE 1 
ms Vi)=0, 


Output Leakage Current loka) Vig t¥ V 30V 
+)™ O(P) = 


— w 
o;zeia 
< 
: | +|§ 
nh 


3 3/t 
2 [ap 


i=) 
=" 
=) 
> 


wails 

oO 
z= 

> 


NOTE 1 

KA393/A: 0<Ta<+70°C 
KA293/A: -25<T,+85°C 
KA2903: -40<Ta< +85°C 
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ELECTRONICS 


KA293/A, KA393/A, KA2903 


LINEAR INTEGRATED CIRCUIT | 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 1 SUPPLY CURRENT 


| 
> aeeen 


SUPPLY CURRENT (mA) 


SUPPLY VOLTAGE (V) 


Fig. 3 OUTPUT SATURATION VOLTAGE 


: aii Tan 85°C i Peieecel 


a 2 2 200) a a 8) 
2S _ — Ses eea ti 


SATURATION VOLTAGE (V) 


OUTPUT SINK CURRENT (mA) 


Fig. 5 RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVE-POSITIVE TRANSITION 
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ELECTRONICS 


INPUT CURRENT (nA) 


INPUT VOLTAGE (mv) 


OUTPUT VOLTAGE (V) 


Fig. 2 INPUT CURRENT 


SUPPLY VOLTAGE (V) 


Fig. 4 RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVE-NEGATIVE TRANSITION 


SSE 
He LL 
5.0mV 


1.4 


TIME (usec) 
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KA431/A LINEAR INTEGRATED CIRCUIT 


PROGRAMMABLE PRECISION REFERENCES To-92 


The KA431/A are three-terminal adjustable regulator series with a 
guaranteed thermal stability over applicable temperature ranges. The 
Output voltage may be set to any value between Ve; (approximately 2.5 
volts) and 36 voits with two external resistors. These devices nave a 
typical dynamic output impedance of 0.20. Active output circuitry 
provides a very sharp turn-on characteristic, making these devices 
excellent replacement for zener diodes in many applications. 


FEATURES 
¢ Programmable output voltage to 36 volts 1: fail ’ 
e Low dynamic output impedance 0.20 typical 2,3, TENG. mee 


e Sink current capability of 1.0 to 100mA 8 SOP 


¢ Equivalent full-range temperature coefficient of 50ppm/°C typical 

¢ Temperature compensated for operation over full rated operating 
temperature range 

e Low output noise voitage 

e Fast turn on response 


1 
1: Cathode 2, 3, 6, 7: Anode 8: Ref. 
4, 5: N.C. 


BLOCK DIAGRAM | ORDERING INFORMATION 


REFERENCE © 


CATHODE (k) 


REFERENCE (R) O— 


} nove (A) 


ELECTRONICS 


KA431/A LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


(Operating temperature range applies unless otherwise specified.) 


a 


Cathode Voltage ee 
Cathode Current Range (Continuous) Pca — 100 ~ + 150 —— 


Reference Input Current Range | Ince 0.05 ~+ 10 


Power Dissipation 
Topr 
0~+ 


D, Z Suffix Package 
Storage Temperature Range 


N Suffix Package 
Operating Temperature Range 


Cathode Curren SS 


ee 


Via= Veer bas tOma [aw aass|zsso[earo[aags|2sc0| V_ 


ar jefe) fs}e fa 


Input Voltage Over- 
meme fatal fale 
AVrer/ thicn |" mV/V 


Temperature (Note 1) 
pecs esol [all 
[ter ins TOMAR =TOKORL= | [15] 6 | 
Deviation of Reference 


1.5 


Full Temperature Range t= Pull Range 


Minimum Cathode Cur- 

rent for Regulation Sa OeCOS 
Off-State Cathode 

Dynamic Impedance 

(Note 2) me sali 


Tain = 0°C, Tuax = + 70°C 


ELECTRONICS 


Vea = Veer, Ika = 10mMA 
AVper/AT Tain < un <= Tmax 


Ratio of Change in 
Reference Input Voltage 
to the Change in 
Cathode Voltage 


Reference Input Current 


Alper/AT 


Via = VreF, lka =1 to 100mA 
f<1.0KHz 


KA431/A LINEAR INTEGRATED CIRCUIT 


TEST CIRCUITS 


Fig. 1 Test Circuit for Vxa = Veer Fig. 2 Test Circuit for Via> Varer 
INPUT O—“WA——2—— Via INPUT O——*~”~w—_-+ ——O Vra 


| 


tea 
| - 
RI = 
fal KA431 a | 
KA431 
“| | es VREF: 


peice rey VKa=Vrer (1+R1/R2) + IReF RI 


Fig. 3 Test Circuit for Ika corr, 


INPUT O——*AwW——-7— Vr 
\xa (OFF) 


‘KA431 


PSIMSUN Gg - 


ELECTRONICS 


KA431/A LINEAR INTEGRATED CIRCUIT — 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 4 CATHODE CURRENT VS CATHODE VOLTAGE Fig. 5 CATHODE CURRENT VS CATHODE VOLTAGE 


Cathode Current (mA) 


Cathode Voltage (V) Cathode Voltage (V) 
Fig. 6 CHANGE IN REFERENCE INPUT 
VOLTAGE VS CATHODE VOLTAGE Fig. 7 DYNAMIC IMPEDANCE VS FREQUENCY 
100 = eS | i) ae Me oe 21 | a a aA 
70 |- T, = 25°C} — a t i oP a SS ON a 
fka= IMA to 100mA— 
Ss 40 | ae See eee as: yaa ueves +44 = ee! tH 
E a | | a a | | | a a || es 
© 20) sate eae oe 
s | | l], 
s ys SSS SS at a 
S = * anal manta : ja a 
Qa aS dot aga pee? i 
£ Ps +44 +444 4—++4 
8 g 4 rit rH I iil 
® <u 1 | 
2s 2 2 i} iil iH HX HH 
rd E 
£ 1 $4444 + pt 
at : aay 6 
o 0.7 ot ca iT roo 
ec annie bent a 
s til sti itt jot 
oO 0.4 tH} 444 ++ 
ttre tte —+ + +H 
0.2 + +H. 
0.1 
1K 10K 100K 1M 10M 
Cathode Voltage (V) Frequency (Hz) 


Fig. 8 SMALL SIGNAL VOLTAGE 
AMPLIFICATION VS FREQUENCY 


Voltage Amplification (dB) 


Frequency (Hz) 


ELECTRONICS 


KA431/A LINEAR INTEGRATED CIRCUIT 


TYPICAL PERFORMANCE CHARACTERISTICS 


Fig. 9 PULSE RESPONSE 


Input and Output Voltage (V) 


Time (us) 


TYPICAL APPLICATIONS 


Fig. 10 -SHUNT REGULATOR Fig. 11—OUTPUT CONTROL Fig. 12—HIGHER-CURRENT 
OF A THREE-TERMINAL SHUNT REGULATOR 
FIXED REGULATOR 


IN 


KA7805 OUT 
COMMON y 


Vo = Vrer(1 + Bh 


619 


tase 


ELECTRONICS 


KA431/A LINEAR INTEGRATED CIRCUIT 


TYPICAL APPLICATIONS 


Fig. 13—CURRENT LIMITER OR Fig. 14 —CONSTANT-CURRENT SINK 


CURRENT SOURCE . 


Rev lo 


KA431 Rs 
KA431 


ELECTRONICS 


KA555/I LINEAR INTEGRATED CIRCUIT 


SINGLE TIMERS 


The KA555/I is a highly stable controller capable of producing accurate 
timing pulses. With monostable operation, the time delay is con- 
trolled by one external and one capacitor. With astable operation, 
the frequency and duty cycle are accurately controlled with two ex- 
ternal resistors and one capacitor. 


FEATURES 


¢ High Current Drive Capability (= 200mA) 
¢ Adjustable Duty Cycle 

¢ Temperature Stability Of 0.005%/°C 

e Timing From Sec To Hours 

¢ Turn Off Time Less Than 2 »Sec 


APPLICATIONS 
¢ Precision Timing 


* Pulse Generation ORDERING INFORMATION 


e Time Delay Generation 
¢ Sequential Timing 


Device Package | Operating Temperature 

KA555D 8 DIP 
t a ° 

KA555 | 8 SOP enna 

4 
"_KA655 ID L 8 DIP 
a —40~ +85°C 
BLOCK DIAGRAM KA555 ID 8 SOP 


Control Voltage 


Flip Flop 
: 


Output GND 


Discharge 


Reset 


PSnmsuNGd - 
ELECTRONICS 


KA555/I LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Supply | Supply Voltage  tti(‘i:s*™ Voc 


Lead Temperature (soldering 10 sec) Tea oa 500 
Power Dissipation Po 600 
Operating Temperature Range KA555 Topr 0~ +70 
KA555| | -40~ +85 
Storage Temperature Range Tst¢ —65 ~ + 150 


ELECTRICAL CHARACTERISTICS 


(Ta = 25°C, Vcc = 5~ 15V, unless otherwise specified) 


Supply Voltage Veo 


Supply Current 
*,(low stable) 


Voc = 5V, Ri =00 
Voc = 15V, Ri =co 


*Timing Error 
(Monsotable) 
Initial Accurary 
Drift with Temperature 
Drift with Supply Voltage 


ACCUR 
At/AT 
At/AVcc 


A,= 1KQ to 1.0 
100KQ 50 
C=0.1pF 


*Timing Error 
(astable) 


Initial Accurary ACCUR % 
Drift with Temperature At/AT ppm/°C 
Drift with Supply Voltage AtlAVcc %/V 
11.0 V 
Control Voltage aT — a 
4 
V 
Threshold Voltage ay , 
2 | 4 
*SThreshold Current 0.25 uA 
Trigger Voltage 2.2 V 
—“ 
Trigger Voltage 5.6 V 
Trigger Current | 2.0 uA | 
Reset Voltage 1.0 V | 
fos | mA 
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ELECTRONICS 


KA555/I LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Ta = 25°C, Vcc = 5~ 15V, unless otherwise specified) 


| Characteristic Symbol i dics Min Typ . Max Unit 
Veco = 15V | 
Isink =10mA | 0.06 0.25 V 
sink = | | 0.3 7 
| Low Output Voltage Vor vie = eo + t cis + a 
| Veco = 5V | | 
| | Isink = 5MA — 0.05 | 0.35 V 
- + aan —~- ~— — ——— en | 
Vec = 15V | 
lsounce = 200MA 12.5 | V 
High Output Voltage | Von | !source = 100MA. { 1e7S | 13.9 1 | : il ; 
| | Voc =5V | 
| lsounce = 100mMA 2.75 | 3.3 
——— — = + ———_—_4+— a + — = = 
Rise Time of Output | tr 100 | 
~-— =~ +—_—— —— = t 
Fall Time of Output | te | 
+--—_- —o ——— _ r 
Discharge Leakage Current | 


Notes: 


—_ 


. Supply current when output is high is typically 1mA less at Vcc =5V. 

2. Tested at Vcc =5.0V and Vcc = 15V 

3. This will determine the maximum value of Ra+Rg for 15V operation, the max total R=20MQ, and for 5V operation the 
max total R=6.7M0Q. 


APPLICATION CIRCUIT 


RB 
© (5) @) 


Low Upper 
comparator comparator 
R3 R2 


C1 


RA 


TRIGGER 


Output 


ELECTRONICS 


KA555/I LINEAR INTEGRATED CIRCUIT 


APPLICATION NOTE 


The application circuit shows astable mode. 


Pin 6 (threshold) is tied to Pin 2 (trigger) and Pin 4 (reset) is tied to Vcc (Pin 8). 
The external capacitor C; of Pin 6 and Pin 2 charges through Ra, Re and discharges through Rg only. 


In the internal circuit of the KA555 one input of the upper compartor is the 2/3 Vcc (*R; =R2=R3), another input if it 


if it is connected Pin 6.. 


As soon as charging C; is higher than 2/3 Vcc, discharge transistor Q; turns on and C, discharges to collector of | 


transistor Q). 
Therefore, the flip-flop circuit is reset and output is low. 


One input of lower comparator is the 1/3 Vcc, discharge transistor Q; turn off and C; charges through Ra and Rg. 


Therefore, the flip-flop circuit is set and output is high. 


So to say, when C, charges through R, and Rg output is high and when C, discharges through Rg, output is low. 


The charge time (output is high) T, is 0.693 (Ra +Re) C; and the discharge time (output is low) T2 is 0.693 (Rg C;). 


Vec-1/3V 
[,, ee ty T 
( Vec-2/3V cc oe 


Thus the total period time T is given by 

T=T, +T> =0.693 (Ra +2Re). C; 5 

Then the frequency of astable mode is given by 
2 

T (Ra +2Rep)C, 


The duty cycle is given by 


Dc=lz2. Fe 
T Ra+2Re 


If you make use of the KA556 you can make two astable modes. 


a 
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KA556/I LINEAR INTEGRATED CIRCUIT 


DUAL TIMERS | 


The KA556/I series dual monolithic timing circuits are a highly stable 
controller capable of producing accurate time delays or oscillation. 


The KA556 is a dual KA555. Timing is provided an external resistor 
and capacitor for each timing function. 


The two timers operate independently of each other, sharing only 
Vec and ground. 

The circuits may be triggered and reset on falling waveforms. The 
output structures may sink or source 200mA. 


FEATURES 


e Replaces Two KA555 Timers 

e Operates in Both Astable And Monostable Modes 
e¢ High Output Current 

¢ TTL Compatible 

e Timing From Microsecond To Hours 


+ Adjustable Duty Cycle ORDERING INFORMATION 


¢ Temperature Stability Of 0.005% Per °C 
APPLICATIONS 

Device | Package — Operating Temperature 
KA556 14 DIP 0~ + 70°C 
KA556I 14 DIP -40~ +85°C 


e Precision Timing 

e Pulse Shaping 

e Pulse Width Modulation 
e Frequency Division 

e Traffic Light Control 


e Sequential Timing 

e Pulse Generator 

e Time Delay Generator 
e Touch Tone Encoder 

e Tone Burst Generator 


BLOCK DIAGRAM 


Control Voltage G) Vcc Trigger Threshold Control Voltage Trigger 


THRESHOLD 


oi 


= | 


rere? “payee GND Discharge Corre Or 


PSamsunig . 
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KA556/I LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (Ta =25°C) 


| Supply Voltage sis Voltage i “aa 
Lead Temperature (soldering 10 sec) 
Power Dissipation _ 
Operating Temperature Range KA556 
KA556l 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS 


(T, = 25°C, Vcc =5~ 15V, unless otherwise specified) 


ees Tomer | rca [oe [oe [as [oe 


| SupplyVoltage sd Voltage 


*1 Supply Current (Two timers) ae ee =5V, R, =00 
(low state) state) Vec = 15V, Ry = 00 


*2 Timing Error (monostable) Ra =2K0 to 100KQ 
Initial Accuracy C=0.1yF 
Drift with Temperature 

Drift with Supply Voltage 


——__ tt 


oe | 1m | 8 | 
- ao oo 
— 
5.0 


*3 Threshold Current 


Trigger Voltage 


L 
ine) 


Trigger Current S| 0.01 | 2.0 pA 

Reset Current 0.03 0.6 mA 
Isink =10mA 0.1 0.25 V 
Isink =50mA 0.4 0.75 V 
Isink =100mA 2.0 we V 

Voltage 
Low Output Voltag Isinx =200MA 2.5 V 
Voc = 5V 

Isink = 8MA | 0.25 0.35 V 
Isink =5MA | 0.15 0.25 V 


oO) 


<I : 
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KA556/I LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS 


(Vcc = 5V to + 15V, Ta=25°C unless otherwise specified) 


Voc =15V 


lsournce = 200mMA 
Vou Isource = 100MA 


Voc = 5V 
lsource = 100mMA V 


ce 2 
Ce Be es 8 
re 


Discharge Leakage Current 


High Output Voltage 


*4 Matching Characteristics 
Initial Accuracy 
Drift with Temperature 
Drift with Supply Voltage 


ACCUR 
At/AT 
At/AVcc 


*2 Timing Error (astable) Ra, Re =1k0. to 100k 


Initial Accuracy C=0.1pF 
Drift with Temperature Voc = 15V 
Drift with Supply Voltage 

Notes: 


“4, Supply current when output is high is typically 1.0mA less at Vcc =5V. 
*2. Tested at Vcc =5V and Voc =15V 
*3. This will determine the maximum value of Ra +Re for 15V operation. 
The maximum total R=20M0, and for 5V operation the maximum total R=6.6M0. 
*4. Matching characteristics refer to the difference between performance characteristics of each timer section in 


the monostable mode. 
"5. As reset voltage lowers, timing is inhibited and then the output goes low. 
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KA558/I LINEAR INTEGRATED CIRCUIT 


QUAD TIMERS 


The KA558/I series are monolithic Quad Timers which can 
be used to produce four entirely independent timing 
functions. These highly stable, general purpose con- 
trollers can be used in a monostable mode to produce 
accurate time delays, from microseconds to hours. The 
time is precisely controlled by one external resistor and 
one capacitor in the time delay mode. A stable mode 
can be operated y using two of four time sections. 


FEATURES 


e Wide Supply Voltage Range: 4.5V To 16V 

¢ 100mA Output Current Per Section 

e Edge Triggered Without Coupling Capacitor 
e Time Period Equals RC 

¢ Output Independent Of Trigger Conditions 


APPLICATIONS ORDERING INFORMATION 


¢ Quad One-Shot 
e Precision Timing KA558 16 DIP 
KASS8| | 1601 


Operating Temperature 


e Time Delay Generation 


—-40~ +85°C 


BLOCK DIAGRAM 


OUTPUT D TIMING D TRIGGER D RESET GND TRIGGER C TIMING C OUTPUT C 


OUTPUT 
OUTPUT 
STAGE STAGE 


OUTPUT 


OUTPUT A TIMING A TRIGGERA CONTROL Voc TRIGGER B TIMING B OUTPUT B 
VOLTAGE 


PSims unig ~ 


ELECTRONICS 


KA558/I LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Supply Voltage 
Lead Temperature (soldering 10 sec) 


i 


Power Dissipation 600 | 

Operating Temperature Range KA558 O~ +70 
KA558I ~40~ +85 

Storage Temperature Range — 65 ~ + 150 


ELECTRICAL CHARACTERISTICS 


(Vcc =5~ 15V, Ta=25°C, unless otherwise specified) 


oem [om [ vem [oe [el om 


ee oe 


Timing Error (T = RC) +2 5 oY 
Pa 0 


Initial Accuracy 
—s ee a OO 
PPM/°C 


1Trigger Current 4 Trigger voltage = OV po 


i) 
h 


a) < ah 


on 
ro) 
: = 
> 


— 
ro) 


j=) 
=) 


: 
mn 


Propagation Delay Time 


Rise Time 


xa 
craitime | k= 100ma 


NOTES: 1. The trigger functions only on the falling edge of the trigger pulse only after previously being high. After 
reset the trigger must be brought high and then low to implement triggering. 
2. For reset below 0.8V, outputs set low and trigger inhibited. 
3. Output structure is open collector which requires a pull up resistor to Vcc to sink current. 
The output is nomally low sinking current. 


me | 
” 


ad 
ro) 
pla 
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KA76L05 LINEAR INTEGRATED CIRCUIT 


3-TERMINAL LOW DROPOUT VOLTAGE 
REGULATOR 


KA76L05 is an adjustable 3-terminal low dropout voltage regulator 
designed to need very low quiescent current. 

Internally, implemented circuits include 60V load dump protection, 
— 50V reverse transient short circuit and thermal over load protection. 


FEATURES 


¢ Limited input voltage and high efficiency. 
¢ Internal thermal over load protection. 

¢ 60V load dump protection. 1: Input 2: GND 3: Output 
¢ Output current up to 100mA. 


ORDERING INFORMATION 


Device | Package | Operating Temperature | 
KA76L05Z TO-92 —-40~ +125°C 


BLOCK DIAGRAM 


0.6V MAX DROP 
PASS ELEMENT 


V; ¥) Vo 
NY 
OVER VOLTAGE 
PROTECTION CURRENT LIMIT 
Saal a 
i FEEDBACK 
RESISTANCE 


THERMAL SHUT DOWN 


REFERENCE VOLTAGE | 
GND OC 


en “ 


ELECTRONICS 


KA76L05 


LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol Value Unit 
Input Voltage V 33 V 
Over Protection Voltage Viop) 60 V 
Operating Junction Temperature Range Topr —40~ +125 at 
Maximum Junction Temperature Ty 150 °C 
Storage Temperature Range Tsta —65~ +150 °C 


ELECTRICAL CHARACTERISTICS (v,=14V, lo=10mA, Co=100uF, T, = 25°C) 


Characteristic 


Output Voltage (I) 


Test Conditions 


Vi =14V, lo=10mA 


Output Voltage (II) 


Line Regulation (I) 


V =6 ~ 26V, lo = 100mA, 
T)= -40~ +125°C 


V,=9~ 16V, lo=10MmA 


Line Regulation (II) 


Vi =6~ 26V, lo=10MA 


| — | 40] 30 | mv 
— 10 50 mV 


deiaeer 


ELECTRONICS 


Load Regulation AVo (Ill) | V;=14V, lo =5~100mMA 
Output Impedance Zo Vi =14V, lo=100mA — 100 | 600 mQ 
Quiescent Current (I) la (I) V, =6~ 26V, lo<10mMA i= 0.1 1.0 | mA | 
Quiescent Current (Il) lg (Il) Vi = 14V, lo<100mA — 5.0 | 30 mA 
Vi =14V, lo=10mA, 
Output Noise Voltage Vn f= 10Hz ~ 100KHz | — 150 | 1000 " sl 
Ripple Rejection RR Vi = 14V, lo=10mA, f= 120Hz 55 80 dB 
Dropout Voltage (I) Vp (I) lo=10mA, Vo=Vi-Vo — | 0.03 | 0.2 V 
Dropout Voltage (Il) Vo (Il) lo=100mA, Vp =Vin—- Vo -— 0.1 0.6 V 
Max Operational Input Voltage Vin lo=10MA 26 33 — V | 
Max Line Transient Vit (max) V,=14V, lo>=10mA, Time = 100ms 60 70 = V 
Reverse Polarity Input V _ _ _ _ _ 
Voltage DC | (DC) Vi = 14V, lo =10MA, Voz -0.3V 1s 30 | V 
Reverse Polarity Input Volta | | | 
Teanatent oor 98 Vi ctr) V;=14V, lo=10mA, Time <10ms —50 | -80 V 
Peak Output Current - Vi=14V 200 | 400 | 600 mA 
631 


KA78XXI/AII 


LINEAR INTEGRATED CIRCUIT 


3-TERMINAL 1A POSITIVE 
VOLTAGE REGULATORS 


The KA78XxX series of three-terminal positive regulators are available in 
the TO-220 package and with several fixed output voltages, making them 
useful in a wide range of applications. Each type employs internal current 
limiting, thermal shut-down and safe area protection, making it essentially 
indestructible. If adequate heat sinking is provided, they can deliver over 
1A output current. Although designed primarily as fixed voltage regulators, 
these devices can be used with external components to obtain adjustable 


voltages and currents. 


FEATURES 


e Output Current up to 1A 

¢ Output Voltages of 5; 6; 8; 9; 10; 11; 12; 15; 18; 24V 
e Thermal Overload Protection 

e Short Circuit Protection 

* Output Transistor SOA Protection 


BLOCK DIAGRAM 


INPUT 
@ 


CURRENT 
GENERATOR 


STARTING REFERENCE 
CIRCUIT VOLTAGE 


‘eine 


ELECTRONICS 


ERROR 
AMPLIFIER 


THERMAL 
PROTECTION 
GND 


TO-220 


1: Input 2: GND 3: Output 


ORDERING INFORMATION 


Device [Package | Operating Temperature 


O~ +125°C 


—40~ +125°C 


OUTPUT 
e 


ELEMENT 


PROTECTION 


632 


KA78XX/Al| LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (1 =25°C unless otherwise specified) 


Thermal Resistance Junction-Cases 


Thermal Resistance Junction-Air 


Operating Junction Temperature Range KA78XX/A 
KA78XXI 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS KA7805/I 


(Refer to test circuit, Tuin< Ty< Tmax, lo=500MA, V;=10V, C,=0.33uF, Co=0.1nF, unless otherwise specified) 


Characteristic Sambo! Test Conditions 
| [ee Tv [ 


me TT | lel” 
V 


V,=7V to 20V 4.75 
V, = 8V to 20V 4.75 
ve nuauan Wa7i025V | | 40 /100/ | 40/100 


| lo=5.0mA to 1.5A 100} | 9 | 100) 
ame m pepe tHe ts 
le = 


Output Voltage 


jonSmAto10A | (008/05) 008/05 
Quiescent Current Change V,=7V to 25V estat ee mA 
0.3 


V, = 8V to 25V 


e-sma | 08) ||| mvc 
‘Output Noise Votage | Vy | f=10H2t0 s0OKHeTAn25C || a2 | | | a2 || 


Ripple f= 120Hz 
«2 2 2 L | V 


Rejection 

Vo lo= 1A, Ty =25°C Vv 
Output Resistance f= 1KHz | fF 15 ||| 18 || me 
Vin86V,To=25e6 | 200) || 280] | mA 
Pook Curent | se | Tomar |e) |e) | A 


* Tain < Ty < Tmax 
KA78XxXI: Tain = - 40°C, Tmax = 125°C 
KA78XX, Twin =0°C, Tuax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


an ~ 
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Dropout Voltage 


KA78XX/AI| 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7806/I 


(Refer to test circuit, Twin < Ty < Tmax, lo = 500mA, V,=11V, C; = 


0.33y.F, Co=0.1yF, unless otherwise specified) 


KA7806I KA7806 
Characteristic Symbol Test Conditions —— Unit 
nT Te 
T;=25°C 5.75| 6.0 ks 255.75) 6. 6 |! 6. 25 | 
Output Voltage V. 5.0MA <!,<1.0A, Po<15W V 
V,=8.0V to 21V 5.7 | 6.0 | 6.3 
Vi =9.0V to 21V 57) 60 | 6.3 
Vi=8Vto25V | =| 5 | 120 5 | 120 
Line Regulation LW _— mV 
| =9vto13v. | | 1.5 | 60 1.5 | 60 | 
lo=5mA to15A | | 9 | 120 9 | 120] 
Load Regulation AV, |Ty=25°C mvV 
|, = 250mA to 750mA 3 | 60 | 3 | 60 
Quiescent Current lo Ty= 25°C 5.0 | 8 5.0 | 8 mA 
I,=5MA to 1A 05; | jos. 
Quiescent Current Change Ala V,=8V to 25V 1.3| mA 
V,=9V to 25V 
Output Voltage Drift AV IAT lg=5mA -0.8 -—0.8 mvV/°C 
Output Noise Voltage Vn f=10Hz to 100KHz, T,= 25°C 45 45 uv 
nee RR te eurie 59 | 75 59 | 75 dB 
Rejection Vi=9 to 19V 
Dropout Voltage Vo lo=1A, Ty = 25°C 2 2 V 
Output Resistance Ro f= 1KHz 19 19 | mo 
Short Circuit Current Isc V,=35V, T,= 25°C 250 250 mA | 
t ea 
Peak Current lex | Ty =25°C 2.2 2.2 A 


* Tain < Ty < Tmax 


KA78XxXI: Twin = — 40°C, Tmax = 125°C 
KA78XX, Twin =0°C, Tomax = 125°C 
* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7808/I 


(Refer to test circuit, Tuin< Ts < Tmax, lo=500mA, V;= 14V, C,=0.33uF, Co=0.1F, unless otherwise specified) 


i | KA7808I KA7808 
Characteristic Symbol Test Conditions fa ee tee ae a fa Unit 
(‘Min Typ Max) Min; Typ |Max 
| Ty= 25°C 17.7 | 8.0 | 83} 7.7} 80 | 83 
} + } + + + 
Output Voltage Vo 5.0OmMA <|lo<1.0A, Po<15W | | V 
| Vi =10.5V to 23V | |76 | 8.0 | 8.4 
Vi=11.5V to 23V 7.6 | 8.0 | 8.4 
—_— T t T = 2 T = a aT | 
: | V,=10.5V to 25V 5.0 | 160 5.0 | 160 
Line Regulation AV, |Ty=25°C } t t mV 
| | V,=11.5V to 17V 2.0 80 2.0 | 80 
i + + + +- + + + —— —+— 
| |,=5.0mA to 1.5A 10 160 10 | 160 
Load Regulation | AVo |Ty=25°C - ——— t OV 
| |, = 250mA to 750mA | | 5.0 | 80 | 5.0 | 80 
Quiescent Current la T) =25°C 5.0 | 8 5.0 | 8 | mA 
t t t + + + = 4 == 
| |,=5mA to 1.0A | | 0.05 | 0.5 | 0.05 | 0.5 
| t _ + + + oa + +——_ 
Quiescent Current Change| Algo | V;=10.5V to 25V | 0.5 | 1.0; mA 
| t ie : + } ail. = 
| V,=11.5V to 25V | 0.5 | 1.0 
a + 23 + T = T 
Output Voltage Drift AVol AT |, = 5mA = 08 | |-o8 mv/eC 
i = : + + +— + + t + 
Output Noise Voltage | Vy f=10Hz to 100KHz, Ta = 25°C | 52 52 uV 
= Tr 1 — an —T 
Ripple | | | | | 
Rejection RR | f=120Hz, Vj=11.5Vto21.5 56 73 56 | 73 dB 
. + —+ + —-++ + + + + 
Dropout Voltage Vp | lo=1A, Ty = 25°C 2 | 2 V 
Output Resistance Ro f= 1KAz 17 17 mQ 
r t t - a i = + 7 T = 
Short Circuit Current Isc V,=35V, Ta= 25°C 230 | 230 mA 
+ + + + + + t = 
Peak Current Ipk T, =25°C | 2.2 | | a2 | A 
Se ee ee eee ee ee eee eee ee 


* Twin < Ty < Tmax 
KA78XXI: Tain = - 40°C, Tmax = 125°C 
KA78XX, Twin =0°C, Tmax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA78XX/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7809/I 


(Refer to test circuit, Tuin< Ty < Tmax, lo=500mA, V;=15V, C)=0.33uF, Co =0.1nF, unless otherwise specified) 


KA78091 KA7809 
[eso [Mee 


9.35/8.65| 9 |9.35) 
V 
= = 
me ei 


Characteristic Symbol Test Conditions 


Ty = 25°C 


5.0mA <|,<1.0A, Pp<15W 
V; = 11.5V to 24V 
V,=12.5V to 24V 


V,=11.5V to 25V 


Output Voltage 


Line Regulation BV 


Load Regulation AVo 


Quiescent Current 


aa 
Quiescent Current Change = 11. 7 i : 
weveaveaey TT faaf TT 
v=5mA ie a 


Ripple f = 120Hz 
Rejection 


Vi=13V to 23V 
Dropout Voltage Vo lo= 1A, Ty = 25°C 


Pew Curent [he tease | 


* Tain < Tu < Tmax 
KA78XXI: Twin = — 40°C, Tmax = 125°C 
KA78XX, Tmin =0°C, Tmax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA78XX/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7810/I 


(Refer to test circuit, Twin<Ty< Tmax, lo=500mA, V;=16V, C,=0.33uF, Co=0.1nF, unless otherwise specified) 


_ KA7810t KA7810 
Characteristic Symbol Test Conditions ] 1 s Seeane (OMe | ) Unit | 
Min) Typ Max Min, Typ |Max 
| 
Ty = 25°C 9.6 10 (10.4 96) 10 |10.4 
Output Voltage Vo S.OMA <Io<1.0A, Po<15W | | | V 
V,=12.5V to 25V | 95} 10 |10.5 
= 5! 1 10, | 
a 7 | V,=13.5V to 25V Bs ae | 2 ee | 
Une Heauials aig — Vi=12.5V to25V 10 200. 10 | 200 i 
i ulation > = - ta m 
7 : Vi= 13V to 20V 3 | 100 3 | 100 
— | ~~ oh a fs een 1 
| l.=5mA to 1.5A 12 | 200 12 | 200 
Load Regulation AV, |Ty=25°C | eens Gemmenne Gimme my 
| i | 1, =250mA to 750mA | 4 100 4 | 100 | 
Quiescent Current lo T; = 25°C 5.1 8 5.1 | 8 | mA 
eases L-. — 1 | } f———— —_—- 
l,=5mA to 1.0A 0.5 [ 0.5 
| { + =I, : ee 
Quiescent Current Change} | Alg V, = 12.5V to 29V | 1.0, mA 
=o 4 1 = = +- — 
J a | Vi = 13.5V to 29V | 1.0 | : te, 
/Output Voltage Drift AV IAT I, =5mA —1 —1 | mv/°C! 
{ : : : + ae a 4 ee 
Output Noise Voltage | Vn f= 10Hz to 100KHz, T, = 25°C 58 | 58 uv 
eo ote a — — + + — + — —+ - = —— —— 
Ripple f= 120A 
Serie RR 3 ets on 56 | 71 56/71 © GB 
ee See a . + 4 } aa « | — | 
Dropout Voltage Vp lo=1A, Ty =25°C a 2 | V 
neta as SS | —— aaa ak] Tne (ii T a —————— Sl ST 
Output Resistance | Ro f= 1KHz I. 17 | TF mQ | 
f T =F = t SS SS SS SS 
Short Circuit Current Isc V,=35V, Ta=25°C 250 | 250 mA | 
7 - soe tae ——_+-—_——_j eee See | : i 
Peak Current Ipk T,=25°C 2.2 2.2 A 
| Oe eed 


* Tain < Ty < Tmax 
KA78XxXI: TIN = — 40°C, Tmax = 125°C 
KA78XX, Tmin =0°C, Tmax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA78XXI/AII 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7811/I 


(Refer to test circuit, Twin< Ty< Tmax, lo=500mA, V,=18V, C,;=0.33uF, Co =0.1uF, unless otherwise specified) 


KA7811I KA7811 | ; 
Characteristic Symbol Test Conditions : re | | Unit 
Typ Max 
T,=25°C 10.6; 11 as 10.6; 11 |11.4 
+ + + + | 
Output Voltage Vo 5.0mMA <|,<1.0A, Pp<15W | V 
V,=13.5V to 26V | (10.5) 11 11.5 
eee | | Vi = 14.5V to 26V (10.5) 11 [11.5 | | L | 
| . : V,\=13.5 to 25V 10 | 220, 10 220 | - 
Line Regulation | AV, |Ty=25° — t soneaees UE 
| Vi =14 to 21V 30 110 3.0 | 110 
be — — —-— + + - - ———+ ————+- + 7 ——_ 
| 1,=5.0mA to 1.5A 12 | 220 12 | 220 
Load Regulation AV, | Ty=25°C [-— = t = | — mV 
| 1, = 250mA to 750mA 4 | 110 4 | 110 _| 
— eae 1. = | : a | | 
Quiescent Current | lo T; =25°C 5.1 | 8 | | 5.1 | 8 mA | 
| l,=5mA to 1A | 0.5 0.5 
| t y T tT T T t 
‘Quiescent Current Change = Ala Vi =13.5V to 29V | 1.0, mA 
Vi =14.5V to 29V 10! i 
r : —— = + T a —e | ed 
‘Output Voltage Drift |AVIAT l= SMA | —1 -1 mvV/°C 
r = ——= — —— T — 7 = a — 
Output Noise Voltage Vy f= 10Hz to 100KHz, Ta, =25°C | 70 | 70 uv 
Sens _ - Oo -— —+ + + 7 + + + - 
Ripple f= 120Hz | | | | | | 
Rejection | ad V\=14V to 24V an | mM alll Mil aB 
————————— : = ——+ + — —_—-—- T zi + —+— + + | 
Dropout Voltage — Vo lo=1A, Ty =25°C | 2 2 | Vey 
Output Resistance Ro f= 1KHz | 18 __ 18 mo | 
Short Circuit Current Isc Vi=35V, Ta = 25°C | | 250} 250, mA 
Peak Current | fee Ty = 25°C | | 22 (22); | A | 


* Twin < Ty < Tmax 


KA78XXI: Tuin = — 40°C, Tmax = 125°C 


KA78XxX, Tain = 0°C., Tmax = 125°C 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately Pulse testing with low duty is used. 
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KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7812/I 


(Refer to test circuit, Tuin<Ts< Tmax, lo =500mA, V,=19V, C, =0.33uF, Co =0.1uF, unless otherwise specified) 


a] Te 2l KA7812 


Characteristic Test Conditions 
be Ad ied 


r 
Output Voltage 5.0mMA <|,<1.0A, Pp <15W 
Vi = 14.5V to 27V 11.4| 12 
Vi =15.5V to 27V 11.4; 12 |12.6 
10 10 240. 
Line Regulation pe 


Load Regulation 


1, = 250mA to 750mA 
Quiescent Current Ty =25°C 


V=14.5V to 30V | | fos |. 1.0 


lo=1A, Ty =25°C 


* Tin < Ty < Tmax 


KA78XxXI: Tain = -— 40°C, Tmax = 125°C 
KA78XX, Tuin=O0°C, Tax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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ELECTRONICS 


KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7815/I 


(Refer to test circuit, Tuin< Ty< Tmax, lo =500MA, V, = 23V, C,=0.33uF, Co =0.1nF, unless otherwise specified) 


KA7815l KA7815 


Characteristic Test Conditions 
sie te | ce] | | 
T=25°C saaenei 
V 


Vo 5.0mMA <|,<1.0A, Po <15W 
Vi=17.5V to 30V 14.25} 15 |15.75 
Vi = 18.5V to 30V 14.25} 15 {15.75 
we versa | [1 [soo] | | 
Line Regulation AV, | Ty=25°C mV 
vizz0rozev | | 3 | 150| | 3 | 160 


oe ence 

Gaiescon Curent |e | teawre | sate [ea] 8 [ma 
bes smato 0A || 08 | || 08 | 

scene) se (vate ||) am 
| Metesviosoy | | to} 

aiput Vonage ban [avgat] ——u=ama | T= | [=a] ewe 

f=10Hz to 100KHz, Ts = 25°C 9} | ja) | wl 


f = 120Hz 
V,= 18.5 to 28.5V 


Output Resistance 
Short Circuit Current 


Peak Current b te. | Ty = 25°C 


* Tain < Ty < Tmax 
KA78XxXI: Tin =- 40°C, Tmax = 125°C 
KA78XX, Tuin =0°C, Tmax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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ELECTRONICS 


KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


enn ee eee Ss 


ELECTRICAL CHARACTERISTICS KA7818/I 


(Refer to test circuit, Tun < Ty < Tmax, lo = 500mA, V; = 27V, C, = 0.33uF, Co =0.1nF, unless otherwise specified) 


Pe ee ee —————— ee 
tes KA7818l KA7818 
Characteristic Symbol Test Conditions r—— [Pre Pan) | Unit 
Min} Typ |Max|Min| Typ |Max 
[Pa 
Ty=25°C 17.3; 18 |18.7/17.3) 18 | 18.7 
} + = 1 + fe + =f 
Output Voltage WV. 5.0mMA <1,<1.0A, Pyo<15W V 
Vi =21V to 33V 17.1| 18 | 18.9 
| | V, = 22V to 33V 17.1) 18 | 18.9 
r - 4 4 a + i a 
Vi =21 to 33V 15 | 360 15 | 360 
Line Regulation AV, |Ty=25°C | t t t —— mv 
Vi = 24 to 30V 5 | 180 | | 5 | 180 
. l,=5mA to 1.5A 15 | 360 15 | 360 
Load Regulation AV, | Ty=25°C r ——- 7] 7 1 ———| fiv 
| 1, = 250mA to 750mA | 5.0 | 180 5.0 | 180 
+ T + - + + + + — 
Quiescent Current lo Ty= 25°C 5218 5.2 | 8 a mA 
r T T —a | T - T T T } 
l,=5mA to 1A 0.5 0.5 
} + = ie = = +— + 4 
Quiescent Current Change| Al, V,=21V to 33V | 1 mA 
= = — ——— - == — + —}— = 
Vi =22V to 33V | 1 
+ + - --- 4 f+ -——- { + 1 
Output Voltage Drift AV IAT lL=5mA —1 — 1 mvV/°C 
+ + —= += = ae 5 1 . + 4 StS + 
Output Noise Voltage Vy | f=10Hz to 100KHz, Ta =25°C 110 | 110 uV 
Ripple f= 120Hz 
B 
Rejection RR V, =22V to 32V 93 | 69 53 | 69 d 
i - — —— + + 1 
Dropout Voltage Vo lo=1A, Ty = 25°C 2 | 2 | V 
Output Resistance Ro | f= 1KHz | | 22 22 | | moQ 
+ + +—— _ - $$$ tl — —— — —- + 
Short Circuit Current Isc | V,=35V, Ta=25°C | 250 250 mA | 
} ———— - + — — 2 ——— 4 ——_ ——_}- = 
Peak Current lpx Ty = 25°C | 22 2.2 A 


* Tain < Ty < Tmax 
KA78XxXI: TmIN =- 40°C, Tmax = 125°C 
KA78XX, Tun =0°C, Tmax = 125°C 

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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ELECTRONICS 


KA78XX/AlI 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7824/I 


(Refer to test circuit, Tain < Ty< Tmax, lo = 


500mA, V, =33V, C, 


= 0.33uF, Co =0.1uF, unless otherwise specified) 


——KATE2a | KA7824 
pain) Te | as Tp | 


vege 
V 


22.8} 24 | 25.2 
22.8) 24 | 25.2) 


240 


5 [4e0) | 18 | a0 
-fs0 [240| [0 [200] 
ia tes] fac 


[far [aol | fa 


* Tuin< Ty< Tmax 


KA78XXI: Twin = — 40°C, Tomax = 125°C 


KA78XX, Twin =0°C, Tmax = 125°C 


Characteristic Symbol Test Conditions 
T= 25°C 
Output Voltage Vo 5.0MA <|o<1.0A, Po<15W 
Me 27V to 38V 
'V, = 28V to 38V 
Line Regulation AV, |T,=25°C ie slerchcion! 
| | |= 30V to 36V | 6 |240) | 6 
l,=5mA to 1.5A 
Load Regulation AVo |Ty=25°C 
|,=250mA to 750mA 
‘Quiescent Current la Ty =25°C 
l,=5mA to 1A 
Quiescent Current Change| Alo Vi=27V to 38V 
Vi= 28V to to 38V 
Output Voltage Drift AVoIAT lL=5mA 
[Output Noise Voltage Vn f= 10Hz to 100KHz, T, = 25°C | 
ie Gi id Vv, rere ae |) BY 
Dropout Voltage Tov, lo=1A, Ty = 25°C 
Output Resistance Ro f= 1KHz 28 
Short Circuit Current icc | ‘Vi=35V,Ta=25°C S| Ss 230 
Peak Current = Ty = 25°C | | 22 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA78XX/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7805A 


(Refer to the test circuits, Tj) =0 to 125°C, lp =1A, V;=10V, C,=0.33uF, Co =0.1nF unless otherwise specified) 


V 


Vo l= 5mAto1A,Po<15W | ; 
V,=7.5 to 20V 
V,=7.5 to 25V, 5 
lo = 500mA : 
AVo | Vi=8V to 12V | os | | oy 
Vi=7.3V to 25V | 5s | 60 | 


Output Voltage 


*Line Regulation 


Vi = 8V to 12V 


Ty =25°C 
1,=5mA to 1.5A D8 Lai 


4 50 


*Load Regulation 


|,=5mA to 1A a 
V;=8 to 25V, lop =500mMA 


Output Voltage Drift AT 
Output Noise Voltage Vn 


f=10Hz to 100KHZz: 


Ta=25°C 
f=120Hz, |, =500mA 
; ; RR 1 *O 
Ripple Rejection V,=8 to 18V 


Dropout Voltage 


V,=35V, Ta=25°C 
Ty= 25°C 


Qa. 
>|s)a : : ° 


Peak Current 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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ELECTRONICS 


KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7806A 


(Refer to the test circuits, T)=0 to 150°C, lo =1A, V\=11V, C;=0.33uF, Co =0.1nF unless otherwise specified) 


coal 


Vo lp=5mA to 1A, Po< 15SW 5.76 
V\=8.6 to 21V 


V,=8.6 to 25V. 
|, = 500mA 5 ss 


AV, Vi=9 to 13V 


Output Voltage 


*Line Regulation 60 


BAN =" 
w 


. 


= 


=8.3 to 21V 
V,=9 to 13V 


on 


T; =25°C 
|,=5mA to 1.5A 


< 
o 


Load Regulation |,=5mA to 1A 


|, = 250 to 750mA 
l,=5mA to 1A 
Vi =9 to 25V, lo =500mA 


V, = 8.6 to 21V, Ty = 25°C 


le =5mA 


f=10Hz to 100KHz 
Ta=25°C 


f=120Hz, |, =500mA 
V; =9 to 19V 


|, =1A, Ty=25°C 


Output Noise Voltage 


Ripple Rejection 


= 
= 


Dropout Voltage 
Output Resistance 


Short Circuit Current 


Q 
oO 


Fry ale 


Peak Current 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 


ELECTRONICS 


KA78XX/AII 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7808A 


(Refer to the test circuits, T;=0 to 150°C, Io =1A, Vi=14V, C,=0.33yF, Co =0.1 uF unless otherwise specified) 


Ty= 25°C 7.84 8 8.16 
Output Voltage Vo lo= SMAto 1A, Po<t5W | | ; 3 V 
Vi = 10.6 to 23V , 
= 10.6 to 25V, Z 
—— sw 
*Line Regulation AV, V;=11 to 17V 3 80 = 
1) =25°C V,;= 10.4 to 23V 6 80 
Vi=11 to 17V 2 40 
_ 950 
ELSA to 154 2 100 
*Load Regulation AV, Mh, abn to 1A 49 100 mV 
| |, = 250 to 750mA 5 50 
Quiescent Current lo Ty= 25°C 5.0 6 mA 
l,=5mA to 1A 0.5 
Quiescent Current Change Ala V,;=11 to 25V, lo =500mA | 0.8 mA 
V;= 10.6 to 23V, Ty = 25°C ' 0.8 
Output Voltage Drift ,=5mA -0.8 mv/°C 
Output Noise Voltage Vy ay eas re 10 e 
Ripple Rejection RR fhe ts eosin 62 dB 
Dropout Voltage Vo lo=1A, Ty =25°C | | 2 | V 
Output Resistance R, [ f=1KHz : ; 18 . [ mo 
Short Circuit Current lee | V,=35V, T,=25°C : 250 mA . 
Peak Current IpK T;= 25°C | | 2.2 A 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 


into account separately. Pulse testing with low duty cycle is used. 


‘oo 


LECTRONICS 


E 


645 


KA78XX/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7809A 


(Refer to the test circuits, T)=0 to 125°C, lp =1A, V;=15V, C;=0.33yF, Co =0.1yF unless otherwise specified) 


Characteristic Symbol Test Conditions Min | Typ Max | Unit 


| Ty= 25°C | 8.82 9.0 | 9.18 


Output Voltage Vi l,= SMA to 1.0A, Po< 15W V 
Vi=11.2V to 24V 8.65 9.35 
Ty la i’ 
Vi=11.7V to 25V 
1, =500mA 90 


V,=12.5V to 19V 4 45 | 
Line Regulation AVo eer er —~2~C~CS ; mV 
= 11. fe) 
Ty=25°C — ar oa 
V,=12.5V to 19V 2 45 


+ 


Ty =25°C [ 


lL=5mA to 1.0A 


Load Regulation AVe 


l,=5mMA to 1.0A 
| i | |,=250mA to 750mA 
Quiescent Current la Ty = 25°C ; 
| | Vi;=11.7V to 24V, T, = 25°C 
Quiescent Current Change Ale Vi =12V to 25V, Ilo =500mA 
l,=5mA to 1.0A 
Output Voltage Drift | AVol AT [16=5mA - | | mvi°C | 
Output Noise Voltage | Vn | f= 10Hz to 100KHz, T,=25°C i. | 10 | | uVIVo | 
Ripple Rejection RR ips ia rea eey 62 dB 
Dropout Voltage | Vo | 1o=1.0A, 1y= 25°C ; ai 2.0 | V | 
| Output Resistance | Re | f=1KHz a 17 | m | 
"Short Circuit Current | Igo | Via 35V,T.= 25°C | 350 | | mA 
Peak Current | IpK | Ty = 25°C | | 22 | [ A | 


nn 
* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty cycle is used. 


ELECTRONICS 


KA78XX/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7810A 


(Refer to the test circuits, Tj =0 to 125°C, lob =1A, V,=16V, C;=0.33nF, Co =0.1nF unless otherwise specified) 


Characteristic a Test Conditions 


TW=2°C 0 sss—<—sCSY 
l,=5mA to 1.0A, Po <15W V 
Vi=12.8V to 25V 10 


Vi=12.8V to 26V 
lo = 500mMA 


Vi=13V to 20V 


Tato} 
escent Eta 

vatve2 —~(| «dt | 
= 25°C 


ee 5mA to 1.5A 
o=5mA to 1.0A 
o=250mA to 750mA 


Output Voltage 


Line Regulation 


Load Regulation 


Quiescent Current 
I= 5mA <a 1.0A 

= 13V to 26V, | Vi=13V to 26V,lo=500MA sid 500mA 
= 12.8V to 25V, Ty =25°C 
0 


Output a Drift =5mA 
= 10Hz to 100KHz, T, = 25°C 


f= 120Hz, V,;=14V to 24V 
|, =500mMA 


ca 
[Bopowt vonage [ees s0k Tao 
— 
Pe 
mi 


f= 1KHz 
Short Circuit Current 
Peak Current 


=35V, Ta=2o°G 
* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty cycle is used. 


Quiescent Current Change 


—_ | — 
Rh | MO 


i ~; 
< 
< 
° 


— 
™N ~ 
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ELECTRONICS 


KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7811A 


(Refer to the test circuits, Tj; =0 to 125°C, Ip =1A, V,=18V, C;=0.33yF, Co =0.1uF unless otherwise specified) 


Characteristic | Symbol Test Conditions Min) Typ. | Max | Unit 


l,=5mA to 1.0A, Pp < 15W V 
V,=13.8V to 26V 10.6 | 11.0 | 11.4 
V,;=13.8V to 27V 

1, =500mA 110 


Metsvto2v | | a 
V,=13.5V to 26V | 10 | 110 | ia 
T= 20°C TV, = 15V to 21V ff 3 | 5S 
es ciate 
I, =5mA to 1.5A 12 100 . 
12 " 


ROG neg iratien AVo | 1,=5mA to 1.0A | | 42. | 100 
|, = 250A to 750mA |g [| 50, 


Output Voltage 


> 


fe} 


Line Regulation 


Ty = 25°C 


Quiescent Current 


3 
> 


V,;=13.8V to 26V, T; = 25°C 
V,=14V to 27V, lop =500mA 
o=5mA to 1.0A 


Output Voltage Drift AVJAT | |lh=5mA 
Output Noise Voltage Vn f= 10Hz to 100KHz, Ta = 25°C 


; — f= 120Hz. V,= 14V to 24V 
Ripple Rejection |, = 500mA 


lo=1.0A, Ty =25°C 
f = 1KHz 

V,=35V, T,= 25°C 
Ty= 25°C 


= 
> 


Quiescent Current Change 


mvV/°C 
uVIV, 


V 


Dropout Voltage 


Output Resistance 


Short Circuit Current 
Peak Current 


D 
Isc 


| 
ro) 
= 
> ; 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty cycle is used. 
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ELECTRONICS 


KA78XX/AI| 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7812A 


(Refer to the test circuits, T)=0 to 150°C, lb =1A, V;=19V, C,=0.33yuF, Co =0.1uF unless otherwise specified) 


Ty =25°C 11.75 12 12.25 
Output Voltage Vo |, =5mA to 1A, Pp <15W ~ ie ~~ V 
| Vi= 14.8 to 27V | | 7 
I =S00mA | te 
“Line Regulation AV, Vi=16 to 22V 4 | 120 red 
Vi=14.5 to 27V 10 120 
T) =25°C - | 
Vi= 16 to 22V 3 60 
5 ] | 
i ae 1.5A i | ” 
“Load Regulation AV, ssw tk 12 400 mV 
I, = 250 to 750mA 5 50 
Quiescent Current 1 Ty = 25°C 5.1 6 mA ] 
l,=5mA to 1A 0.5 
Quiescent Current Change Ala Vi = 15 to 30V, Ilo = 500mA 0.8 mA 
| Vi= 14.8 to 27V, Ty =25°C | 0.8 
Output Voltage Drift ans -1 mvV/°C 
Output Noise Voltage VN ign issih 10 i 
Ripple Rejection RR mete aa 60 dB 
Dropout Voltage Vo lo=1A, Ty =25°C 2 V J 
Output Resistance R, | f=1KHz 18 | moa 
Short Circuit Current lsc V,=35V, Ta=25°C 250 mA 
Peak Current 7 Ipk Ty= 25°C ex | A 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7815A 


(Refer to the test circuits, T)=0 to 150°C, Io =1A, V;=23V, C,=0.33uF, Co =0.1nF unless otherwise specified) 


Characteristic Symbol Test Conditions Min Typ Max Unit 
T,;=25°C 14.7 6 | 15.3 
Output Voltage Vo rer erry ee es ns 
l,=5mA to 1A, Pp><15W 14.4 15 156 
| Vi=17.7 to 30V 
fs 7 a | ————————_ ————“4— + -— + — 1 
V; = 17.9 to 30V, 10 150 | 
| |, =500mA | | 
_ *Line Regulation AV, | Vi=20 to 26V 5 150 aT 
V,= 17.5 to 30V 11 150 
Ty=25°C + 
| V,=20 to 26V 3 To 
mig = -_ i. —— ae | = | 
; | 
| Ty = 25°C 
- [>=5mA to 1.5A i | we 
Load Regulation AV. i, <6 to 1A 42 400 mV 
a | | a 
|, = 250 to 750mMA s) 50 | 
= = = +— + ~ ——— a8 1 
| Quiescent Current lo Ty =25°C 5.2 6 mA 
+ 4 = = + + 
l,=5mA to 1A 0.5 
Quiescent Current Change Alg V,=17.5 to 30V, |, =500mMA | T 0.8 mA 
Vi =175 to 30V, T;=25°C 0.8 
— | | | | Se 
Output Voltage Drift we lL=5mA -1 mvV/°C 
ee _ | } 1 _ | | 
f =10Hz to 100KHz | uV 
Output N Voltage 10 
utput Noise g Vn T,= 25°C | V, 
+ + — ] — +— 
Ripple Rejection RR PUP, le SMP 58 dB 
| V, = 18.5 to 28.5V 
———— —_——— - —_——_—— ————+ — — — + -— + 4 
Dropout Voltage | Vp | lo=1A, Ty = 25°C V | 
L aa —_ = eet 
Output Resistance Ro f=1KHz moQ 
}——______— - — —_—_—_—__+—_— T — — 
Short Circuit Current Isc Vi =35V, T,=25°C mA 
+ a — = = t = — - +. 
Peak Current Ipx | T;=25°C A 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 


ELECTRONICS 


KA78XX/AII 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7818A 


(Refer to the test circuits, T)=0 to 150°C, lob =1A, V;=27V, C,=0.33nF, Co =0.1uF unless otherwise specified) 


18 


Output Voltage 


“Line Regulation AV, 


*Load Regulation 


Ty = 25°C 


l=5mA to 1A, Pp <15W 
V,=21 to 33V 


Vi=21 to 33V, 
|, =500mA 


Vi =21 to 33V, 
V, =20.6 to 33V 


V; =24 to 30V 


Ty = 25°C 
l,=5mA to 1.5A 


17.64 
17.3 


——— 


Unit 


l,=5mA to 1A 


|, = 250 to 750mA 


Quiescent Current 


Ty=25°C 


Quiescent Current Change 


Output Voltage Drift 


Ripple Rejection 


l,=5mA to 1A 


V,=21 to 33V, lo =500mA 


V\=21 to 33V, Ty; =25°C 


l,=5mA 


f =10Hz to 100KHz 
Ta=25°C 


f=120Hz, |, =500mA 
Vi; = 22 to 32V 


Dropout Voltage 


Output Resistance 


lo=1A, Ty=25°C 
f=1KHz 


Short Circuit Current 


V,=35V, Ta=25°C 


Peak Current 


Ty= 25°C 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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KA78XXI/AI| LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7824A 


(Refer to the test circuits, Tj=0 to 150°C, Ip = 1A, V;=33V, C;=0.33uF, Co =0.1yF unless otherwise specified) 
ee 


Output Voltage |,=5mA to 1A, Pp <15W 
V, = 27.3 to 38V 


V=27 to 38V, 
1, =500mA 


*Line Regulation Vi =30 to 36V 


T;=25°C 
l,=5mA to 1.5A 


Load Regulation |s=5mA to 1A 


|, = 250 to 750mA 


Quiescent Current Ty = 25°C 


l,=5mA to 1A 
Quiescent Current Change V; =27.3 to 38V, |, =500mA 


i 
Vi =27.3 to 38V,T, = 25°C | 


+ 


Output Voltage Drift l= 1mA 


+ 


f =10Hz to 100KHz 
Ta=25°C 


| $=120Hz, |, =500mA 
V = 28 to 38V 


Dropout Voltage lo=1A, Tj =25°C 
T 
Output Resistance f=1KHz 


oe 


Short Circuit Current V,=35V, T,=25°C 
Peak Current Ty=25°C 


Output Noise Voltage 


Ripple Rejection 


* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


TEST CIRCUITS 


Fig. 1 DC Parameters 


Fig. 2 Load Regulation 


ELECTRONICS 


KA78XX/AII LINEAR INTEGRATED CIRCUIT 


APPLICATION CIRCUITS 


Fig. 4 Fixed Output Regulator Fig. 5 Constant Current Regulator 


KA78XX : 
7" | 
Notes: 


(1) To specify an output voltage, substitute voltage value for “XX.” lo -— + Ig 
A common ground is required between the input and the output 
voltage. The input voltage must remain typically 2.0V above the output 
voltage even during the low point on the input ripple voltage. 
(2) C, is required if regulator is located an appreciable distance from 
power supply ftiiter. 
(3) Co improves stability and transient response. 


Fig. 6 Circuit for Increasing Output Voitage Fig. 7 Adjustable Output Regulator (7 to 30V) 


Vi KA78XX 


Ini >5 Iq 
Vo= Vxx (1 + R2/R;) + IQRe 
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KA78XXI/AII LINEAR INTEGRATED CIRCUIT 


APPLICATION CIRCUIT 


Fig. 8 High Current Voltage Regulator Fig. 9 High Output Current with 
Short Circuit Protection 


Q1 BD536 


KA78XX 


Q1=TIP42 
=, . Wey Q2 = TIP42 
lRea-lay Bay 
lo=lInec +Ba: (lrec-Veea:/R:) VeEa2 
Rsc= — S802 
SC 
Fig. 10 Tracking Voltage Regulator Fig. 11 Split Power Supply (+ 15V-1A) 


4.7kQ 


COMMON 


COMMON 


1N4001 


- VIN TIP42 -Vo 
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KA78XXIAII LINEAR INTEGRATED CIRCUIT 
aS 


Fig. 12 Negative Output Voltage Circuit Fig. 13 Switching Regulator 


E KA78XX 


ELECTRONICS 


KA78XX/AII LINEAR INTEGRATED CIRCUIT 
——————— 


TYPICAL PERFORMANCE CHARACTERISTICS 


FIG. 14 QUIESCENT CURRENT FIG. 15 PEAK OUTPUT CURRENT 


Ty = 25°C 
AVo = 100mV 


OUTPUT CURRENT (A) 


QUIESCENT CURRENT (mA) 


-50 -2 0 2 89560 75 100 128 
JUNCTION TEMPERATURE (°C) INPUT-OUTPUT DIFFERENTIAL (V) 
FIG. 16 OUTPUT VOLTAGE FIG. 17 QUIESCENT CURRENT 


Vo =5V | 
lo= 10mA ae! _ 


QUIESCENT CURRENT (mA) 


NORMALIZED OUTPUT VOLTAGE (V) 


-—25 0 25 50 75 100 125 
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) 


ELECTRONICS 


KA78LXXA | LINEAR INTEGRATED CIRCUIT 


3-TERMINAL 0.1A POSITIVE VOLTAGE | 
REGULATORS 


The KA78LXX series of fixed voltage monolithic integrated circuit 
voltage regulators are suitable for applications that required supply 
up to 100mA. 


TO-92 


FEATURES 


¢ Maximum Output Current of 100mA 

¢ Output Voltage of 5V. 6V, 8V, 9V, 10V, 
12V, 15V, 18V and 24V. 

e Thermal Overload Protection 

¢ Short Circuit Current Limiting | 1: Output 2: GND 3: Input 


ORDERING INFORMATION 


| _Bevice__| Package | Operating Temperature 
SCHEMATIC DIAGRAM 


—— 


© 
OUTPUT 


O GND 
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ELECTRONICS 


KA78LXXA LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (1,=25°C, unless otherwise specified) 


Characteristic * Symbol Value Unit 
V 
V 
°C 


Input Voltage (for Vo=5V, 8V) V 30 
(for Vo =12V, 15V) | | lL 35 
Operating Junction Temperature Range Topr O~ +125 


Storage Temperature Range Tste | -65~ +150 °C 


KA78L05A ELECTRICAL CHARACTERISTICS 


(Vi=10V, lo =40mA, 0°C<T,< 125°C, C,;=0.33yF, Co =0.1nF, unless otherwise specified. (Note 1) 


eames | tno |W | me | 


fe | 180 | av 


Line Regulation AVo 


Load Regulation 


Output Voltage 


Quiescent Current la Ty=25°C mA | 

Quiescent Current with line Alg 8V<V; <20V mA 
—— 

Change with load — Alo ImA<lIlo<40mA 


Output Noise Voltage VN Ta =25°C, 10Hz<f< 100KHz 


_ 
—_ 
i 
Lo 
Temperature Coefficient of Vo — lo=5mA _ 
AT 
a 
a 


f=120Hz, 8V<V,<18V, T; =25°C 
Ty =25°C 


Ripple Rejection 


Dropout Voltage 
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ELECTRONICS 


KA78LXXA LINEAR INTEGRATED CIRCUIT 
KA78LO6A ELECTRICAL CHARACTERISTICS 


(V,=12V, lo=40mA, 0°C<T)< 125°C, C,=0.33uF, Co =0.1F, unless otherwise specified. (Note 1) 


Characteristic Symbol Test Conditions jin | Typ | Max | Unit 


Output Voltage T)=25°C /5.75| 6.0 |6.25| V 
resvevcon | fw oe 

wees [puna pee] 
rengeg  LiMASlo<t00ma | 128] 8 | 
7 JimA<lo<7omA__ |__| 58 | 40 | 
8.5V<V\<20V, 1mA<lo<40mA 228s, ' 
8.5V<Vi< Vimax (Note 2), 1mA<lo<70mA | 5.7] | 63 | 
T,=25°C | 39 | 60 | 

Ty = 125°C | | 55 | 
9V<V;<20V | | tts} 


1mA<lo<40mA Ft fon 
N Ta = 25°C, 10Hz<f< 100KHz | fag] | ov 


V 
f=120Hz, Ty =25°C 
10V<V,<20V 


Line Regulation AVo 


Load Regulation AV 


Output Voltage 


Quiescent Current 


Quiescent With Line 
Current Change | with Load 


Output Noise Voltage 


° 
° 


< 


Temperature Coefficient of AVo 
Vo 


Ripple Rejection 


Drop Voltage Vo Ta= 25°C 
KA78LO8A ELECTRICAL CHARACTERISTICS 


(Vi = 14V, lo=40mA, 0°C <T,< 125°C, C,=0.33uF, Co=0.1nF, unless otherwise specified. (Note 1) 


Characteristic Test Conditions 
Output Voltage Tj=28°C | 7.7 | 8.0 | 


; ; 10.5<V,<23V 

Line Regulation AVo Tg=28°C 

11V<V,<23V 
1mA<I9o<100mA 
ImMA<Ilo<40mA 

10.5V <V,\s23V ImA<lo<40mA . 


1mA<Ilo<70mA 7.6 


a 
Pwivine | ale | tivsvezav 
Pwihioas | ala | ImASlo=aOma 
Vn <f< 

AT 
aR 


~4 


N 
oO 


Output Voltage 10.5V <V\< Vmax 


(Note 2) 


Quiescent Current 


Quiescent Current 
Change 


Output Noise Voltage Ta = 25°C, 10Hz<f<100KHz 


lo =5mA 


Temperature Coefficient of Vo 


Ripple Rejection 


Dropout Voltage 


f=120Hz, 11V<V,<21V, T; =25°C 
Ty=25°C 


=|] § 13/2 )3] < |/elele 


—_ 
N 


ELECTRONICS 
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KA78LXXA LINEAR INTEGRATED CIRCUIT 
KA78L09A ELECTRICAL CHARACTERISTICS 


(Vi=15V, lo=40mA, 0°C <T,< 125°C, C,=0.33uF, Co=0.1uF, unless otherwise specified. (Note 1) 


Tis25°C (9.36 | Vv 


Output Voltage Ty = 25°C 
11.5V<V,s24V 
Tg= 29°C 
13V<V, s24V 


ImA<Io <100mA 
Load Regulation Ty=25°C 
1mA<|lo<40mA 
1.5V<V, <24V | ImA<lo <40mA 
Ty = 25°C 
13V <V; <24V 


Output Voltage 11.5V<V\< Vmax 
ee (Note 2) ImAslo s70MA 
1mA <lo <40MmA 


AVo 
AVo 
Vo 
Quiescent Current 
Output Noise Voltage Ta= 25°C, 10Hz<f<100KHz 
Temperature Coefficient of Vo lo=SmA 
Vp 


= 
< 


Line Regulation ' 


Vv 


=| 


3 


= 


< 


eit ee te 


3 
> 


Quiescent Current | with line 


3 
> 


Change 
70 


5 
< 


mvV/°C 


Ripple Rejection f =120HZ,12V $V, <22V,T, = 25°C 


| 


Dropout Voltage 


KA78L10A ELECTRICAL CHARACTERISTICS 


Vi = 16V, lo=40mA, 0°C<T;< 125°C, C,=0.33nF, Co=0.1yF, unless otherwise specified. (Note 1) 


Characteristic Symbol | Test Conditions 


Output Voltage 

‘ne Hoculat Ae 12.5V<V\< 25V 
ine Regulation 

as ee : 14V >V,>25V 


1mA<lo<100MA 
Load Regulation AV, | Ty=25°C 
ImA<lIo<70MA 


Output Voltage 


~~ 


+ 
< 
ao) 


oO 
= 
j=) 
> 


~ _ 
™~“ : 


= 
wm 
.— 3 3 3 3 


10. 


Ty = 25°C 
Quiescent Current 
Ty = 125°C 
With Line 12.5V<V,<25V 
Current Change | with Load 1mMA<Io<40mA 
Output Noise Voltage Vn Ta = 25°C, 10Hz<f<100KHz 


: AT | 
Sinise anes f= 120Hz, Ty = 25°C 
ipple Rejection 15V<V,<25V 


Drop Voltage Vp Ty=25°C 1.7 


O 
= 
© 
o 
re) 
® 
= 
- 


VI°C 


= 


Bi 

o 
|X 
on}; oO 
<|< 
A\A 
x |S 
A |A 
</|np 
= |< 
S/3 
3 |> 
A 
ND pee 
= 16 
a lA 
> |S 
i | > 
(e) 
A 
| 
oO 
3 
> 


< 


i ~N - en 
Colo 
OS —" 
= ih 


oe) 
EF 
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ELECTRONICS 


KA78LXXA LINEAR INTEGRATED CIRCUIT 


KA78L12A ELECTRICAL CHARACTERISTICS 


(Vi=19V, lo=40mA, 0°C <T)< 125°C, C,=0.33yF, Co=0.1yF, unless otherwise specified. (Note 1) 


Characteristic 1. Test Conditions be eee 


—_ Tawvaveen [a0 [20 | av) 
seat ela le 

imA<lo<100mA | | 20 ‘| 100 
fase [os [ore_faeeet tat 


Output Voltage aeavat 1mA<Io<70mA 11.4 V 
— 2) 


a 
ave 


ImMA<lo<40mA ; 
Output Noise Voltage [so | [w 


Temperature Coefficient of Vo ees 


Ripple Rejection f=120Hz, 18VsVie25V, Ty=25°C careers 


Dropout Voltage Vo 25°C 


KA78L15A ELECTRICAL CHARACTERISTICS 


(Vi= 23V, lo=40mA, 0°C <T,< 125°C, C,;=0.33uF, Co =0.1nF, unless otherwise specified. (Note 1) 


Output Voltage 


Line Regulation 


; 1mA<lo<100mMA 
Load Regulation Ty=25°C 
ImMA<|lo<40mA 


<" 

i 

on 

oO 

ro) 

Nm | — 

oO TN 

< 1H 

A \< 

H 

IA |< 

ww | IA 

=) 

: 

< 

on 
cl 
on 
= 

< < 


on 
as 
a 
= 3 


Output Voltage 


Quiescent Current 


Quiescent Current [winine [as 
Output Noise Voltage amie 


vm 


Temperature Coefficient of Vo 


Ripple Rejection 


; Dropout Voltage 


eto 
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KA78LXXA LINEAR INTEGRATED CIRCUIT 


KA78L18A ELECTRICAL CHARACTERISTICS 
(V;=27V, lo =40mA, 0°C <T,;< 125°C, C,;=0.33uF, Co =0.1nF, unless otherwise specified. (Note 1) 


Characteristic Symbol Test Conditions min | Typ | Max | unit | 
Ca a a c= AW 
21V<V,<33V P| 145 aes 
AVo Ty=25°C o0V < <V,<33V rT 43s | 
Bi — 1mA<lo<100ma| —s || 30 170 
1mA<lo<40mA — | 48 | 85 | mv 
18.9 | 


Line Regulation 


Load Regulation 


2V<Vis3V |1mA<lo<40mA | 17.1 i 
Output Voltage Vo Wes<V,<V 
P 9 ents abe 1MA<Io<70MA 

_| (Note 2) 

Quiescent Current | T;=25°C 
es Ere 

Quiescent Current | With line Ala | 21V<V,\<33V 
Change with load Alo 1mA<Ilo<40mA 

—F 
Output Noise Voltage VN Ta = 25°C, 10Hz<f<100KHz 


_— | : : 
AV 
Temperature Coefficient of Vo 7 | lo=5mA leave 
} {— 


Ripple Rejection AR 120Hz, 23V<Vi<33V,T)=25°C, 34 | 48 | | cB | 
Dropout Voltage | Vo | T)= 25°C a ae 


KA78L24A ELECTRICAL CHARACTERISTICS 


(Vi =33V, lo=40mA, 0°C <T,;< 125°C, C,=0.33yF, Co =0.1F, unless otherwise specified. (Note 1) 


| Characteristic Symbol Test Conditions | Min Typ Max Unit | 
Output Voltage Vo Ty = 25°C 23 24 25 
L. i. = poms 
ee 2 | 27V <V,<38V _160 | 300 
ine Regulation 0 T;=25°C | = . 
28V <V\<38V 150 250 mV 
: | ImA<lIo<100MA 40 200 mV 
Load Regulation AVo 1 T;=25°C | —-~—— = Secioenen + 
| 1mA<lIo<40mA | 20 100 mV 
27V<V,<38V ImA<lo<40mA 22.8 25,2 V 
Output Voltage Vo O7V<Vi<\y 7 
(Note 2)  dmA<Io<70mA | 22.8 | 25.2 V 
ees a = —_ == jo { 
Quiescent Current la [T= 25°C L 2.2 | 6.0 mA. 
Quiescent Current | With line Alo | 28V<V\<38V el | 1.5 mA 
Change with load Als | 1mAslo=40mA | 0.1 mA 
—— —— as a i te ———+- 
Output Noise Voltage VN Ta = 25°C, 10Hz<f< 100KHz 200 pV 
ant t — —- i 
AV | 
Temperature Coefficient of Vo 3 lo=5mA — 2.0 mv/°C 
= + — i T — 
Ripple Rejection RR i 20Hz, 28V < Vis 38V Ty= zc] 34 45 = 
ci —_ 
Dropout Voltage Vo | IT,= 25°C | 1.7 
Notes 


1. The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or 
lead length of the package. The date above represent pulse test conditions with junction temperatures as indicated at 


the initiation of tests. 
2. Power dissipation <0.75W. 
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KA78LXXA LINEAR INTEGRATED CIRCUIT 


TYPICAL APPLICATION 


INPUT O— 


—O OUTPUT 


Ete 
NOTE 2 

Notes 

1. To specify an output voltage, substitute voltage value for ‘'xx’’. 


2. Bypass Capacitors are recommended for optimum stability and transient response and should be located as 
close as possible to the regulator. 
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ELECTRONICS 


KA79XX LINEAR INTEGRATED CIRCUIT 


3-TERMINAL 1A NEGATIVE To 
VOLTAGE REGULATORS | 


The KA79XX series of three-terminal negative regulators are available in 
TO-220 package and with several fixed output voltages, making them useful | 
in a wide range of applications. Each type employs internal current limiting, ts. 
thermal shut-down and safe area protection, making it essentially in- wm Xw 
destructible. (. . 


FEATURES 


¢ Output Current in Excess of 1A | 1: GND 2: Input 3: Output 
¢ Output Voltages of -5, -6, —8, -12, -15, -18, —24V 
e Internal Thermal Overload Protection 


¢ Short Circuit Protection ORDERING INFORMATION 


¢ Output Transistor Safe-Area Compensation 
KA79XX TO-220 — 0~ 125°C 


BLOCK DIAGRAM 


Gnd O 


R1 


( ) OUT 
2 
‘= 
fv 
‘iS 
PROTECTION 
CIRCUITRY 7 


VOLTAGE 
REFERENCE 
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ELECTRONICS 


KA79XX LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (T,= 25°C, unless otherwise specified) 


Characteristic Symbol Value Unit 
Input Voltage V -35 V | 
Thermal Resistance Junction-Cases Reuc 5 °C/W 
Junction-Air Rosa 65 °c/W 
Operating Junction Temperature Range Topr O~ +125 °C 
Storage Temperature Range Tste —-65~ +150 a ©: 
ELECTRICAL CHARACTERISTICS KA7905 
(V;=10V, lo=500mA, 0°C <T)<125°C, C,=2.2uF, Co=1yF, unless otherwise specified. ) 
Characteristic Symbol Test Conditions Min Typ Max Unit | 
Ty = 25°C —4.8 -5 -5.2 
CS + 
Cuiput Voltage Vo lo=5mA to 1A, Po <15W -475| -5 | -5.25| V 
V; = —-8to -—20V 
= 
Vi= -7to -—25V 10 100 
Line Regulation AVo Ty=25°C a mV 
Vi= -8to -—12V 
; T,=25°C | | 
J = 
lo=5mA to 1.5A “= La 
Load Regulation AVo t mV 
Ty=25°C 3 50 
lo = 250 to 750mA 
T T T 
Quiescent Current la Tjy=25°C 3 6 mA 
ce 
| lo=5mA to 1A 0.05 0.5 
Quiescent Current Change Lp - ——— mA 
Vi= -8to -—25V 0.1 1.3 
t t = + 
Temperature Coefficient of Vo ons lo=5mA | -0.4 mvV/°C 
AT 
— = t =s —— | 
; = 10Hz to 100KHz 
Output Noise Voltage | VN T,=25°C 100 uV 
| f= 120Hz, lb =20mA ia | 
; ‘ , ca Z, lo= m 
Ripple Rejection RR AV, = 10V 54 60 dB 
| Ty=25°C | i 
Dropout Voltage Vp 2 V 
lo=1A 
Short Circuit Current Ty= 25°C, Vi= =35V 300 mA 
Peak Current Tg2 25°C A 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


ELECTRONICS 


KA79XX 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7906 


(C,=2.2uF, Co=1pF, Ty=0 to 125°C, lo =500mA, V;=11V, unless otherwise specified) 


Vi= -9 to —25V 


Characteristic Symbol Test Conditions Min Typ Max | Unit | 
T=25°C -—5.75 -6 | -—6.25 
» — + = os 

Output Voltage Vo |-=5MAto 1A,P><15W|  —5.7 ~6 -6.3 ’ 

Vi=-9to -21V 
= [ — —=} —__—_— ] a 
Vi= -8to 10 120 
— 25V | 
Line Regulation AVo =25°C -———— ——-P 4 mV 
Vi= -9 to 5 | 60 
-—13V | 

Ty=25°C 
l,=5mA to 1.5A 

Load Regulation AV 
Ty= 25°C 
|, =250 to 750mA 

Quiescent Current la Tj=25°C 

if — — + “ a 

l,=5mA to 1A 

Quiescent Current Change Ala a 


Output Voltage Drift AT l=5mA 
$———-——---— - ~—-4--— —--- ~ = ff} —-— ——_- | ————--— + -- i 
f= 10Hz to 100KHz 
Output Noise Voltage Vn T,=25°C 130 uv 
L 7 hs rr eee : _t : om - 4. 
; er f=120Hz 
Ripple Rejection RR AV, = 10V 54 60 dB 
Ty= 25°C, 
Dropout Voltage Vo ’ 2 V 
IL=1A 
—— — Se ee — a ——+ — - 1 
Short Circuit Current 7 T;=25°C V,= -—35V mA 
Peak Current Ty =25°C A 


* Load and line regulation are specified at constant junction temperature. Change in Vo due to heating ettects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79XX 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7908 


(V;=14V, lo =500mA, 0°C <T,<125°C, C,=2.2uF, Co=1yF, unless otherwise specified.) 


Characteristic Symbol Test Conditions Min Typ Max Unit 
Ty= 25°C -7.7 -8 -8.3 
Output Voltage Vo lo=5mA to 1A, Po<15W -76| -s | -a4| 
Vi=—-1.5 to -23V 
Vi= -—10.5 to -25V 10 100 
Line Regulation AVo Ty= 25°C mV 
Vi=-11 to -17V 5 80 
Ty= 25°C 
lo=5mA to 1.5A i i 
Load Regulation AVo mV 
Ty = 25°C 4 80 
lo = 250 to 750mMA | 
Quiescent Current lo Ty=25°C 3 6 mA 
: $+ = 
lo=5mA to 1A 0.05 0.5 | 
Quiescent Current Change Ala mA 
Vi= -11.5 to —25V 1 
- AVo 
Temperature Coefficient of Vo lo=5mA mvV/°C 
AT 
f=10Hz to 100KHz 
Output Noise Voltage Vn T,=25°C 175 fw 
; a f= 120Hz, lob =20MA 
Ripple Rejection RR AV, = 10V | eo 


Dropout Voltage 


Short Circuit Current 
Peak Current 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


pransonss 


ELECTRONICS 


668 


KA79XX LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7912 


(Vi = 18V, lo =500mA, 0°C <T;< 125°C, C,=2.2uF, Co=1nF, unless otherwise specified.) 


Characteristic Symbol Test Conditions 
Ty= 25°C 
b 
Output Voltage Vo lo=5mA to 1A, Po<15W 


Vi= -15.5 to -27V 
| V\= -14.5 to —30V 


Line Regulation AVo Ty=25°C 
Vi=-16 to -22V 


Te = 25°C 
lo=5mA to 1.5A 
Load Regulation AVo 
Ty= 25°C 
lo = 250 to 750mMA 
Quiescent Current lo Ty = 25°C 
lo=5mA to 1A 
Quiescent Current Change Alg 
Vi= —15 to -—30V 
ok AVo 
Temperature Coefficient of Vo lo=5mA 
AT 
f= 10Hz to 100KHz 
Output Noise Voltage Vn T,=25°C 
- le Rejection RR Pe L202, igs 20Mr 
iia L AV, = 10V 
_ ° 
Dropout Voltage Vp easier dike 
| lo=1A 
Short Circuit Current Isc Ty = 25°C, V,= —35V 
Peak Current IpK Ty= 25°C 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79XX 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7915 


(V, = 23V, lo =500mA, 0°C s Tj < 125°C, C,=2.2uF, Co= 1nF, unless otherwise specified.) 


Characteristic Test Conditions 
5 oF = 25°C 
Output Voltage Vo lo=5mMA to 1A, Po<15W ~14.25| -15 |-15.75| 
Vi= —18 to —30V 
Vi=-17.5to -—30V 12 300 
Line Regulation AVo Ty= 25°C tr = mV 
Vi= -—20 to -—26V 6 150 
Ty = 25°C 
lo=5mA to 1.5A Ve ia 
Load Regulation AVo r mV 
Ty= 25°C 4 150 
| lo = 250 to 750mA 
Quiescent Current lo Ty =25°C 3 6 mA 
lo=5mA to 1A 0.05 0.5 
Quiescent Current Change Alo — mA 
Vi= —18.5 to —30V 0.1 1 
AV | i 
| Temperature Coefficient of Vo . lo=5mA -—0.9 mvV/°C 
AT 
= —- 
; f=10Hz to 100KHz 
Output Noise Voltage Vn T,=25°C 250 my 
oo —}___—__—— +— 
- | - f=120Hz, lo =20mA 
Ripple Rejection RR AV, =10V 54 60 dB 
- ° 
Dropout Voltage Vo edie 2 V 
lo=1A 
| atts 
Short Circuit Current Ty = 25°C, V,= -—35V 300 mA 
Peak Current 


* Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79XX 


LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7918 


(C, = 2.2uF, Co=1pnF, Ty =0 to 125°C, Ip =500mA, V,=27V, unless otherwise specified) 


| - 


| Characteristic Symbol __ Test Conditions Min Typ Max Unit 
| T\=25°C —{73 12 ~ 18.7 
Output Voltage Vo | |s=5mA to 1A, P, <15W ae 4s aes V 
| | | Vi=—-22.5 to -—33V , | | , | 
Se ese | Serene Tey We (a 
| Vi = -21 to 5880 
| — 33V | 
Line Regulation AV, | Tu=26°C-— t ; anne cemmmemmene TI 
| Vi= - 24 to . 180 
| ~ 30V | | 
SO ee ——— -{ | 
Ty = 25°C | | | 
| 1 
|,=5mA to 1.5A . 3b0 
Load Regulation AVo nl te — mv 
Ty = 25°C 
| |, =250 to 750mA ° i 
sea ence pee tasethe i eee, ee a ae + ——__—_—_ 
| Quiescent Current | lo | Ty=25°C | 3 6 = mA | 
| l1,=5mA to 1A a 0.5 
Quiescent Current Change Alo ; if “| : mA 
V|= -22 to -33V | 1 
| AVo | 
Output Voltage Drift AT lL=5mA -1 mv/°C 
seats ee eee 4 ees : oan 7 + | 
f= 10Hz to 100KHz | 
Output Noise Volt V 300 | V | 
utput Nois age : N T) =25°C Mm 
—r ae + a go rn ee eS ss = nee = r = 4 
; ee? f=120Hz 
Ripple Reject RR 4 
| ipple Rejection AV, = 10V 5 60 dB 
| —_—_-_______ Se A - r - i: “ 
| = 
Dropout Voltage Vb oe 2 V 
ee Lee ee Leena eee KameeNe 
| Short Circuit Current Isc T, =25°C, V;= -—35V 300 | mA 
= sec me idreweant pace Rc inks | ee eeee ce ae See 
| Peak Current | Lie | Ty=25°C 22 | A 


* Load and line regulation are specified at constant junction temperature. Change in V., due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


omen 


ELECTRONICS 


671 


KA79XX LINEAR INTEGRATED CIRCUIT 


ELECTRICAL CHARACTERISTICS KA7924 


(C,=2.2uF, Co=1pnF, Ty=0 to 125°C, lp =500mA, V;=33V, unless otherwise specified) 


Characteristic Test Conditions 
Ty=25°C 
a eee Vo |g = SMA to 1A,P, < 15W -24 ¥ 
| Vi = -—27 to —38V | | 
ee koe ee ee 4 t 
V;= -—27 to. 15 480 
| — 38V | 
Line Regulation LS A IL-9) ees meen ME 4 + mV 
| | V; == 30 to 8 240 
— 36V | 
= =o —— t An 
Yenc 
|, =5mA to 1.5A ia ee 
Load Regulation AVe r —- ace aman r mV 
y= 25° 
1, =250 to 750mA aie 
= — + - —— = [= " ee | — ——— — 
Quiescent Current la Ty =25°C | 3 6 mA | 
bs ~ = = — — . — - “ = == $$ $$$____—__—__—_ —_—+— : 
l,=5mA to 1A | 05 
Quiescent Current Change Alo | | a a | { | omA 
V,= -—27 to -—38V | 
a ne ee See i. | 
AVo | | 
Output Voltage Drift AT l=5mA -1 | mv/°C 
+ 7 = —— al oe ee a a - iZ ee 4 
= 10Hz to 100KHz 
Output Noise Voltage V 400 V 
po ° i Ta =25°C ‘ | 
+ — -- t ———-- a — - +———— - +—- 
; — f=120Hz | | 
Ripple Rejection | RR | 4 
ipp jecti AV, =10V | 5 60 dB 
+ _ — ae es a 
_ ° 
Dropout Voltage Vo Leal 2 V 
ls =1A 
| Short Circuit Current i, | Ty=25°C, V\= —35V 300 mA 
Peak Current Ip Tj=25°C 2.2 A 


* Load and line regulation are specified at constant junction temperature. Change in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79XX LINEAR INTEGRATED CIRCUIT 


APPLICATION INFORMATION 


Fig. 1 — Fixed output regulator 
Notes: 
(1) To specify an output voltage, substitute voltage value for 


(2) Required for stability. For value given, capacitor must be solid 
tantalum. If aluminium electrolitics are used, at least ten times 
value shown should be selected. C, is required if regulator is 
located an appreciable distance from power supply filter. 

(3) To improve transient response. If large capacitors are used, a 
high current diode from input to output (1N4001 or similar) 
should be introduced to protect the device from momentary in- 
put short circuit. 


Fig. 2 — Split power supply (+15V/1A) Fig. 3 — Circuit for increasing output voltage 


3 
KA7815 O +15V 
1N4001 
2 


IN4001 


R1+R2 
Vo =VXX ° R2 


* Against potential latch-up problems. Vxx/R2>3lq 


* C3 optional for improved transient response and 
ripple rejection. 


673 


ELECTRONICS 


KA79LXXA LINEAR INTEGRATED CIRCUIT 


3-TERMINAL 0.1A NEGATIVE VOLTAGE 10-92 
REGULATORS 


These regulators employ internal current limiting and 
thermal—shutdown, making them essentially in- 
destructible. 


FEATURES 


e¢ Output current up to 100mA 
e No external components 
e Internal thermal over load protection 


¢ Internal short circuit current limiting 1: GND 2: Input 3: Output 


ORDERING INFORMATION 


Device | Package | Operating Temperature 


SCHEMATIC DIAGRAM __KATSLXXAZ | 7092 | 0~125°C 


ELECTRONICS 


KA79LXXA LINEAR INTEGRATED CIRCUIT 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, unless otherwise specified) 
_ ,SSw—h SSS 


Characteristic Symbol Value Unit 
Input Voltage (-5V) — 30 
(-—12V to - 18V) Vv —35 Voc 
(-24V) | — 40 | 
Operating Junction Temperature Range | Topr O~ +125 “Cc 
Storage Temperature Range Tste | —65~ +150 rf °C 


KA79LO5A ELECTRICAL CHARACTERISTICS 


(Vi= -—10V, lo=40mA, C;=0.33nF, Co=0.1pF, O°C <T s< + 125°C, unless otherwise specified) 


Characteristic Symbol Test Conditions Min Typ Max | Unit 
Output Voltage Vo Tye eS°C ~48 | -— 5.0 | — 5.2 V 
L 4 t 4 
-7.0V=V\= -20V 15 150 
Line Regulation AVo Tj=25°G t + mV 
| -8.0V=V,=> -20V | 100 
| 1.0mA<I,<100mA 20 60 | 
Load Regulation AVo T;=25°C mV 
1.0mA <|,<40mA 10 30 
suse elk y -7.0V>V\> -20V, 1.0mA<Io<40mA | — 4.75 — 5.25 vy 
utput Voltage ° 
V;= -1.0V, 1.0mA<Io< 70mA — 4.75 — 5.25 
L | : 5.25 | 
Ty= +25°C L 20 | 6.0 
Quiescent Current lo | T mA 
Ty = +125°C o.0 
| Quiescent With Line ] -8V>V\=> — 20V 1.5 A 
Al : - 7 m 
Current Change | with Load ° | 4.0mA<I,<40mA 0.1 
Output Noise Voltage VN Ta = 25°C, 10Hz<f< 100KHz 30 uV 
[Sipeasieins en | ae | | 
as f=120Hz, -8.0=V,=> -—18V 
Ripple Rejection RR T)=25°C 41 60 dB 
~ - + : 
Dropout Voltage Vo Ty =25°C 1.7 V 


* Load and line regulation are specified at constant junction temperature. Change in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79LXXA LINEAR INTEGRATED CIRCUIT 


KA79L12A ELECTRICAL CHARACTERISTICS 


(Vi= —19V, lo=40mA, C,=0.33nF, Co=0.1npF, O°C < Ts < + 125°C, unless otherwise specified) 


Characteristic | Symbo! Test Conditions min | Typ | Max | Unit 


saveve-ev | 
oy [ume Sa 
Homasiesi00ma| | 
roma stisoma | | 
Sci 
Sci 
—_ 


a 


3 


Line Regulation 


Load Regulation 


Output Voltage 


-14.5V>V,> -27V, 1.0mA<Ilo<40mA 
V;= -19V, 1.0mMA<Ilo<70MmMA 


zt = +25°C 


i 


1.0mMA <|,<40mA 0.1 


i 
Vn | Ta=25°C, 10Hzst=100KH2 || 80 || 
RR 0 42 | ae 
7] 


* Load and line regulation are specified at constant junction temperature. Change in V. due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


KA79L15A ELECTRICAL CHARACTERISTICS 


(Vi = —23V, lo=40mA, C,=0.33nF, Co=0.1nF, O°C<T,< + 125°C, unless otherwise specified) 


AV 


Output Voltage 
—-17.5V=V\= -—30V 


-—27V>=V\=> -30V 


Ripple Rejection 


Dropout Voltage 


| Line Regulation 


° 


Load Regulation 


Output Voltage 


| 
_ 
> 
> 


_—________ 


Quiescent Current 


Ee ——————— 


Quiescent With Line 


Current Change | with Load 


Output Noise Voltage 


f=120Hz, -18.5V<V,< -28.5V 
Ty = 25°C 


Ripple Rejection 


Dropout Voltage 1? 


* Load and line regulation are specified at constant junction temperature. Change in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty ts used. 
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KA79LXXA LINEAR INTEGRATED CIRCUIT 


KA79L18A ELECTRICAL CHARACTERISTICS 


(Vi= -27V, lo=40mA, C;=0.33uF, Co=0.1nF, O°C<T,< +125°C, unless otherwise specified) 


Characteristic Symbot Test Conditions min | Typ | Max | Unit 
: ~20.7V=V,> -33V 
—_— | | 325 | 
—~21V=V\> - 33V a 
1.0MA <1,<100MmA 
ressee  LLOMASlo<100mA | 
1.0mA <1,<40mA Ls 
~20.7V>V,> -33V, 1.0MA<Io<40mA 


V, = -27V, 1.0MA<Io<70mA 


Line Regulation 


Load Regulation 


Output Voltage 


Quiescent Current 


Quiescent With Line 
Current Change | with Load 
Output Noise Voltage 


Ripple Rejection 


Dropout Voltage 


* Load and line regulation are specified at constant junction temperature. Change in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 


KA79L24A ELECTRICAL CHARACTERISTICS 


(V,= —33V, lo=40mA, C,=0.33uF, Co=0.1nF, O°C<Ty< + 125°C, unless otherwise specified) 


Characteristic 


Output Voltage 


Line Regulation 


Load Regulation 


Ty = +125°C 


—-21V<V)< -—33V 


a 
a 
PN 
en eae 
= 


Ta = 25°C, 10Hz<f< 100KHz 


f=120Hz, —-23V<V,< -33V 
Tj =25°C 


Ty = 25°C 


Test Conditions Typ 


Ty = 25°C 


er —27V=V\= -—38V 
sil —~28V>V,> —38V 
1.0mMA <|,<100MA 
T,=25°C - 
1.0mA <|,<40mA 


7, —27V>V\> -—38V, 1.0mA<lo<40mA 
° | Vy = —33V, 1.0mMA<Io<70mA 


Output Voltage 


Quiescent Current 
Quiescent With Line 
Current Change | with Load 


Output Noise Voltage 


Ty= +25°C 

Ty= +125°C 

— 28V <V\< -38V 
1.0MA<|,<40mA 

Ta = 25°C, 10Hz<f< 100KHz 


Ripple Rejection f=120Hz, —29V<V\< —35V 
pean T;=25°C 


Dropout Voltage Ty=25°C 


* Load and line regulation are specified at constant junction temperature. Change in V, due to heating effects 
must be taken into account separately. Pulse testing with low duty is used. 
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KA79LXXA 


LINEAR INTEGRATED CIRCUIT 


TYPICAL APPLICATION 


Design Considerations 

The KA79LXXA_ Series of fixed voltage regulators 
are designed with Thermal Overload Protection that 
shuts down the circuit when subjected to an excessive 
power overload condition. Internal Short-Circuit 
Protection that limits the maximum current the circuit 
will pass. 

In many low current applications, compensation 
Capacitors are not required. However, it is 
recommended that the regulator input be bypassed 
with a capacitor if the regulator is connected to the 
power supply filter with long wire lengths, or if the 
Output load capacitance is large. An input bypass 


Fig. 1 POSITIVE AND NEGATIVE 
REGULATOR 


-ViO 1 KA79LXXA —_+—O-Vo 


—” 


ELECTRONICS 


O+Vo INPUTO- 


Capacitor should be selected to provide good high- 
frequency characteristics to insure stable operation 
under all load conditions. A 0.33uF or larger tantalum, 
mylar, or other ‘capacitor having low internal 
impedance at high frequencies should be chosen. The 
bypass Capacitor should be mounted with the shortest 
possible leads directly across the regulator’s input 
terminals. Normally good construction techniques 
should be used to minimize ground loops and lead 
resistance drops since the regulator has no external 
sense lead. Bypassing the output is also 
recommended. 


Fig. 2 TYPICAL APPLICATION 


O- 
_ 


0.33 uF 


A common ground is required between the input 
and the output voltages. The input voltage must 
remain typically 2.0V above the output voltage even 
during the low point on the input ripple voltage. 


* 


= C, is required if regulator is located an 
appreciable distance from power supply filter. 
= Co improves stability and transient response. 


x 
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KDA0458 CMOS INTEGRATED CIRCUIT 


DESCRIPTION 


The KDA0458 is a 256 color RAM DAC which is designed 
for high performance, high resolution color graphics appli- 
cations. This device consists of color palette RAMs of 
256 x24 bit, overlay registers of 4x24 bit and triple 8-bit 
DACs. 4 overlay registers support overlaying cursor, grids 
and menus. Its frequency range can support resolution up 
to 1280x1024 pixels, while displaying 256 simultaneous 
colors out of a total palette of 16.8 million. 

A 40-bit pixel ports with internal 5:1 or 4:1 multiplexer/latch 
allows direct connection to a frame buffer. There are only 
two ECL inputs (CLK, CLK) which are provided for high fre- 
quency pixel rate of high resolution systems. The KDA0458 
generates RS-343A compatible video outputs capable of 
directly driving a doubly-terminated 750 load without requir- 
ing external buffering. 


FEATURES TYPICAL APPLICATIONS 


Snow-free display ¢ High resolution color graphics 
135, 110 and 80MHz pixel rates ¢ CAE/CAD/CAM 
Functionally compatible with Brooktree” Bt458 e Image processing 
4:1 or 5:1 input MUX e Instrumentation 
256 x24 dual port color palette SRAM 

4x24 dual port overlay registers 

RS-343A compatible outputs 

Standard MPU interface 

Programmable read and blink mask registers 

Internal or external voltage reference 

Single +5V power supply 

Fixed eight pipeline delay 


ORDERING INFORMATION 


Marking Spec RAM | DACs Speed | Package Temperature Range 
KDA0458L-135 256x24 ~—s Triple S-bit. +» = 135MHz © 84-Pin PLCC O~ +70°C | 
KDAO458L-110 | 256x24  Triple8-bit | 110MHz | 84-PinPLCC 0~ +70°C | 
KDA0458L-80 | 256x24 —‘Triple 8-bit. +=» 8OMHz_~=—84-Pin PLCC __ 0~ +70°C 


BLOCK DIAGRAM 


CLK CLK Vaa GND FS ADJ VREF 


—= a Load 
cD 


PO-P7 (A-E) 256x 24 
Color 
Palette 


OLO-OL1 (A-E) 


| | 

ae ae 2 

[commana Rea 

[women fr Sata 
ae eee ee eee 


CE RWW CO C1 _ ODO-D7 
Brooktree™ is a registered trademark of Brooktree Corporation. 


Command Reg 
MPU Interface 
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KDA0458 CMOS INTEGRATED CIRCUIT 


PIN CONFIGURATION 


74] | P2B 
73] | P2c 
| | P2D 
71] | P2E 
70} | P3A 
69| | P3B 
68] | P3C 
67] | P3D 
66] | P3E 
KDA0458 os[] one 
64] | Vaa 
63] | Vaa 
62] | CLK 
61] | CLK 
60| | TD 
59| | BLANK 
58] | SYNC 
57| | P4A 
56] | P4B 


| | Pac 


54| | P4D 
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ELECTRONICS 


KDA0458 CMOS INTEGRATED CIRCUIT 


ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 


Characteristics Symbol Min Typ Max Unit 
| DC Supply Voltage VAA 7.0 V 
t ‘ At a — = = ——— et — ——— | 
Voltage on Any Digital Pin VIN GND-0.3 Vaat0.3 V 
Analog Output Short Circuit Duration to Any a ae | a 
Power Supply or GND Isc nnennite 

_ Operating Temperature Range (ambient) To —55 125 2«=«+* «CO 

_ Storage Temperature Range | Tstg —65 | 150 ae 

} t ——— — _ _ { — ——____—__—______ $$$ ——_}—_ 

_ Junction Temperature Range | Ty | 150 °C 
Solderring Temperature — fo | a 
(5 seconds, 1/4” from pin) Ls ae ~ 

} + — +——-———- oe —_—+ —- —— +—— — 

| Vapor Phase Soldering (1 minute) Tvsol 220 °C 

EN 


Note: 1. Absolute Maximum Ratings are limiting values applied individually while all other parameters are within speci- 
fied operating conditions. 
2.Function operation under any of these conditions is not implied. 
3.Applied voltage must be current limited to specified range. 
4.Current is specified as positive when flowing into the device. 


Recommended Operating Conditions 


| Characteristics Symbol Min Typ Max Unit 
_ Operating Supply Voltage VAA | 4.75 5.00 5.25 V 
Operating TemperatureRange = © To | O| / 7 | © 
QutputLoad(effective) = « | RA |. 9775 | t(D 
Reference Voltage ts | Vree | («dD 1235 | 126 | V 
"FS ADJ Resistor | Beer | 523 re, 


Note: It is strongly recommended that all the supply pins be powered from the same source. 
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KDA0458 CMOS INTEGRATED CIRCUIT 


DC Characteristics 


Characteristics Test Condition _ Symbol | 


DAC Resolution (each DAC) RES 
DAC Accuracy (each DAC) 
Integral Linearity Error 
Differential Linearity Error 
Gray Scale Error 
Digital Input High Voltage 
Digital Input Low Voltage 
Digital Input High Current 


Typ | Max 


8 Bits 


Min 
8 


Except CLK, CLK 
Except CLK, CLK 
Except CLK, CLK, Vin=2.4V 
Only CLK, CLK, Vin=4.0V 
Except CLK, CLK, Vin=0.4V 
Only CLK, CLK, Vin=0.4V 
Except CLK, CLK, Vin=2.4V 
f=1MHz 

Only CLK, CLK, Vin=4.0V 
f=1MHz 
loH=-800u A 
loL=6.4mA 


Digital Input Low Current 


Digital Input Capacitance 


Digital Output High Voltage 
Digital Output Low Voltage 
Digital Output 3-State Current 
Digital Output Capacitance 
Analog Outputs 

Gray Scale Current Range 
White to Blank 

White to Black 

Black to Blank 

Blank on R, B 

Blank on G 

Sync on G 

LSB Size 

DAC to DAC Matcing 
Output Compliance 
Output Impedance 

Output Capacitance f=1MHz, lout=OmA 


Voltage Reference InputCurrent [| | 
Power Supply Rejection Ratio Ccomp=0.1F, f=1KHz 


Test Conditions: 

e Rset= 5230, Veer =1.235V. 

e TTL input levels are O to 3V with less than 3ns rise/fall times between 10% and 90% points. ECL input levels are 
Vaa —0.8V to Vaa —1.8V with less than 3ns rise/fall times between 20% and 80% points. CLK and CLK swings are ade- 
quate for driving the KDA0458. For input and output signals, timing reference points at 50% for inputs and outputs. Analog 
output load <10pF, DO-D7 output load <40pF. (see Fig. 2) 

e As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or 
required. Typical values are based on room temperature and Vaa=5V. 
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KDA0458 


CMOS INTEGRATED CIRCUIT 


AC Characteristics 


Characteristics 


Clock Cycle Time 
Clock Pulse Width High Time 
Clock Pulse Width Low Time 


LD Rate 

LD Cycle Time 

LD Pulse Width High Time 
LD Pulse Width Low Time 


CE Low Time 

CE High Time 

CE Low to Data Bus Driven 
CE Low to Data Valid 

CE Low to Data Bus 3-Stated 


R/W, CO, C1 Setup Time 
R/W, CO, C1 Hold Time 


Write Data Setup Time 
Write Data Hold Time 


Pixel and Control Setup Time 
Pixel and Control Hold Time 


Analog Output Delay 
Analog Output Rise Time 

_ Analog Output Fall Time 

_ Analog Output Settling Time 
Clock and Data Feedthrough# 
Glitch Impulse# 
DAC to DAC Crosstalk 
Analog Output Skew 


_ Pipeline Delay 


| 135MHz Version 110MHz Version 
_ Symbol —— ——— eer Unit 
| Min Typ = Max Min — Typ Max 
Clock Rate big I | 135 | 110 MHz 
_— Telk 7.4 | 9.09 | | ns 
| Tekh ao 4 | | ns 
Tckl 3.0 4 | ns 
LDmax 30.75 27.5 MHz 
Tld 29.62 | 36.36 ns 
Tidh 13 — 15 ns 
Tid 13 | 15 ns 
TI 50 | | 50 ns 
Th 25 eo ns 
Tdr 7 rf ns 
Tva 75 15 ns 
T3st 15 | 15 ns 
=f a een eee 
Tsrs 0 0 ns 
Thrs 15 15 ns 
Tswd 35 35 ns 
Thwd 3 3 ns 
TSpx 3 3 | ns 
Thpx 2 2 | ns 
+ - a 
Td 12 | 12 ns 
Tr 2 2 ns 
Tf 2 2 ns 
Tset 8 8 ns 
FDTHR 35 35 pV-sec 
Gl 50 50 pV-sec 
XTAK -23 —23 dB 
0 2 ns 
8 8 8 Clocks 
210 mA 


VAA Supply Current## 
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KDA0458 CMOS INTEGRATED CIRCUIT 


AC Characteristics (Continued) 


Ch ‘carted — | 80MHz Version nit 

aracteristics mbo feet mela Sateen’ nits 

| y | Min Typ Max 

Neen ccc ec ee ee EEE EIDE an IEnDI nnn EU EP 
Clock Rate fax | 80 MHz 
Clock Cycle Time Tclk 12.0 ns 
Clock Pulse Width High Time Tckh 5 ns 
Clock Pulse Width LowTime si | 9 — —_ | ons 
LD Rate LDmax 20 MHz 
LD Cycle Time Tld | 50 ns 
LD Pulse Width High Time Tidh 20 ns 
LD Pulse Width Low Time TIdl 20 fo | ons 
CE Low Time TI 50 ns 
CE High Time Th | 25 ns | 
CE Low to Data Bus Driven Tdr | rf | ns 
CE Low to Data Valid | Tva | 75 ns 
CE Low to Data Bus 3-Stated T3st 15 ns 

a a = = ees — — —= — = — 4 = = + — 

R/W, CO, C1 Setup Time Tsrs 0 ns 
RW, CO, C1 Hold Time Thrs 15 ns 
Write Data Setup Time Tswd 35 ns 
Write Data Hold Time Thwd 3 ns 
Pixel and Control Setup Time Tspx 4 | ns 
Pixel and Control Hold Time Thpx 2 ns 
Analog Output Delay Td 12 ns 
Analog Output Rise Time Tr | 2 ns 
Analog Output Fall Time Tf | 2 | ns 
Analog Output Settling Time Tset | | 8 ns 
Clock and Data Feedthrough# FDTHR 35 pV-sec 
Glitch Impulse# Gl 50 pV-sec 
DAC to DAC Crosstalk XTAK | -— 23 dB 
Analog Output Skew TSKW ; 0 2 ns 
Pipeline Delay Tpp | 8 8 8 Clocks 
VAA Supply Current## IAA 200 285 mA 


Test Conditions: 

e Rset =5230), VREF =1.235V. 

¢ TTL input levels are 0 to 3V with less than 3ns rise/fall times between 10% and 90% points. ECL input levels are 
Vaa —0.8V to Vaa—1.8V with less than 3ns rise/fall times between 20% and 80% points. CLK and CLK swings are ade- 
quate for driving the KDA0458. For input and output signals, timing reference points at 50% for inputs and outputs. Analog 
output load <10pF, DO-D7 output load <40pF. (see Fig. 2) 

# Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this test, 
the digital inputs have a 1KQ resistor to ground are driven by 74HC logic. Settling time does not include clock and data 
feedthrough. Glich impulse includes clock and data feedthrough. 

## Ai Fmax laa(Typ) at Vag =5.0V, To =20°C. laa (Max) at Vaa =5.25V, To =0°C. 

As the above parameters are guaranteed over the full temperature range, temperature coefficients are not specified or 

required. Typical values are based on room temperature and VAA=5V. 
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KDA0458 CMOS INTEGRATED CIRCUIT 


Timing Diagram 


R/IW R/W 
CO, C1 Co: 6i 
CE CE 
DO-D7 


DO-D7 


Tswd Thwd 


Write Cycle 


Read Cycle 


Fig. 1 MPU Read/Write Timing 


Tld 


TIdh Tidl 


PO-P7 (A-E) 
baie cD 


cD 


a 
a 
2 


SYNC, BLANK 


Tspx Thpx 


R,G,B 


Fig. 2 Video Input/Output Timing 


¢ Output delay is measured from the 50% point of the rising edge of CLK to the full scale transition. 
¢ Setting time is measured from the 50% point of full scale transition to the output remaining within + 1LSB. 
¢ Output rise/fall time is measured between the 10% and 90% point of full scale transition. 


ean ~ 
ELECTRONICS 


KDA0458 


CMOS INTEGRATED CIRCUIT 


PIN DESCRIPTION 


Symbol 


Co, C1 


R/W 


DO-D7 


OLO-OL1 
(A-E) 


Signal Name 1/0 
Command Control | 
Read/Write Control | 

Bidirectional Data Bus /O 


Chip Enable Control 


Pixel Clock Inputs 


Load Control Input 


Pixel Select Inputs 


Overlay Select Inputs 


Description 


These inputs specify the type of read or write operation being 
performed, as shown in Table 1. CO and C1 are latched on the 
falling edge of CE. 


R/W is latched on the falling edge of CE. For reading data 
from the device, CE must be a logical 0 and R/W must be a 
logical 1. For writing data to the device, CE and R/W should be 
a logical 0. 


DO-D7 is data port which enables the reading of data from or 
the writing of data to the Read Mask Register, Blink Mask 
Register, Command register, Test Register, Overlay Register 
and Color Palette RAM. The Address Register is also 
accessed from the DO-D7 port. 


To enable the device for read or write operation this input must 


be logical 0. During write operations, data is internally latched 
on the rising edge of CE. CE is an edge triggered input and 
care should be taken to avoid glitches on this line. 


These differential clock inputs are driven by ECL logic which is 
configured CLK for single supply (5V) operation. CLK 
frepuency is typically the pixel clock rate of the system. 


The PO-P7 (AE), BLANK, and SYNC inputs are all latched on 
the rising edge of LD. This signal is either 1/4 or 1/5 the CLK 
rate and could be phase independent relative to the CLK and 
CLK inputs. 

There are five sets of pixei data (A-E). Each set has up to 8 
bits (PO-P7). Either four or five consecutive pixels are input 
through this port. Due to the pipelined nature of the device, 
the (A) pixel is output first, followed by the (B) pixel etc., until 
all four or five pixels have been output, at which time the cycle 
repeats. These inputs are used to specify, on a pixel basis, 
which one of the 256 entries in the color palette RAM is to be 
used to provide color information. They are latched on the ris- 
ing edge of LD. Unused inputs should be connected to GND. 


There are four overlay registers which can be selected by OLO 
and OL1 for up to five consecutive pixels (A-E). When access- 
ing the overlay palette, the PO-P7 (A-E) inputs are ignored. OLO 
and OL1 (A-E) inputs are latched on the rising of LD. Based on 
the setting of bit 6 in command register (CR6), the following 
color palette | will be selected: 


OL1 OLO CR6 = 1 CR6 = 0 
0 0 Color Palette RAM | Overlay Color 0 
0 1 Overlay Color 1 Overlay Color 1 
| 1 0 Overlay Color 2 Overlay Color 2 
4 1 Overlay Color 3 Overlay Color 3 


Unused inputs should be connected to GND. 
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KDA0458 


CMOS INTEGRATED CIRCUIT 


PIN DESCRIPTION (Continued) 


Symbol | Signal Name 


Composite Blank 


BLANK 


Control 
SYNC | Composite Sync Control 
COMP | Compensation 
Full Scale Adjust 
FS ADJ Control 
R,G,B Red, Green, Blue Outputs 
| 
VREF _ Voltage Reference Input 
VAA | Analog Power | 
GND | Analog Ground 


Description 


A logic 0 on this input will drive the analog outputs to the 
blanking level (see Fig. 4) after the pipeline delay. This is 
latched on the rising edge of LD. When the BLANK is a logi- 
cal 0, the pixel and overlay inputs are ignored. 


A logic 0 on this input switches off a 40 IRE current source on 
the G output (see Fig. 4) after the pipeline delay. SYNC does 
not override any other control or data input, therefore, it 
should be asserted only during the blanking interval. SYNC is 
latched on the rising edge of LD. If sync information is not 
needed on the G output, this pin should be connected to a GND. 


To reduce the effect of noise on power supply, this pin pro- 
vides compensation for the internal reference amplifier. A 
bypass ceramic capacitor of 0.1uF with the shortest lead pos- 
sible must be connected between this pin and Vaa (Fig. 6) to 
improve the PSRR. The COMP capacitor must 

be as close to the device as possible. 


The full scale output current levels of the KDA0458 are deter- 
mined by the value of the resistor (Rser) which is connected 
between this pin and GND (Fig. 6). The relationship between 
Rset and the full scale output current on G is: 
Rset(Q)=11,294 x Vrer(V)/locg (mA) 

the full scale output current on R and B for a given is: 

lor, los (mA)=8,067xVper (V)/Rset (Q) 


These high impedance current sources are capable of directly 
driving a doublely-terminated 75Q coaxial cable (Fig. 6) 


The external reference voltage, if used, must be applied to 
this input such as the one shown in Fig. 6. This reference volt- 
age is typically 1.235V. A bypass ceramic capacitor of 0.1 uF 
with the shortest lead must be connected between this pin 
and Vaa. This decoupling capacitor must be as close to the 
device as possible. The use of a resistor network to generate 
the reference voltage is not recommended. 

When internal voltage reference is used, this pin should be left 
open. 


All Vaa pins must be connected together. 


All GND pins must be connected together. 
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DEVICE DESCRIPTION 
MPU Interface 


The CO and C1 control inputs analog with the address register (AD) indicate which internal register or color palette loca- 
tion is being accessed (Table 1). 

The address register is loaded through the DO-D7 pins with DO being the LSB(Fig.3). This is a continuous counter 
and rolls over from 00h to FFh when incremented. The address register has two additional bits (a0, a1). The bits aO and 
al repeatedly count 00, 01 and 10, maintaining the sequence of red, green and blue read/write cycles. 


To read data from the overlay register or color palette RAM, the MPU must first load the address register with the address 
of the overlay register or color palette RAM location to be read. The color content from the location pointed to by AD is copied 
into the RGB registers. Three successive read cycles 8-bits each, for red, green and blue respectively, are required to read 
one location of the color palette. After the Blue read cycle the address register is auto-incremented to the next location. 
The MPU can perform continuous block read cycles simply by specifying the block start address and continuously read- 
ing red, green and blue data. 


To write color data to the overlay register or color palette RAM, the MPU must first write the address location specified by 
the address register. Then, three successive write cycles are performed. After the blue write cycle, the three byte of color 
data are combined into a 24-bit word and written to the location specified by the address register. Then the address 
register is auto-incremented to the next location. 

The MPU can perform continuous block write cycles simply by specifying the block start address and continuously writ- 
ing red, green and blue data. 


Address Register Add d by MPU 
resse 


bicet 
Blue 


| Address Register _ | Address Register _ 


a tances ear 
| 1 1 |00h-osh| | _ Overlay Register _| 


Read Mask Register 
Blink Mask Register 
Command Register 
Test Register 


Table 1. Address Register Operation 


KDA0458 


Data 


Control 


Fig. 3. MPU Interface 
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Initializing the KDA0458 


Upon power-up, the state of the internal registers, overlay registers, and color palette RAM are not defined. Therefore, the 
KDA0458 must be initialized before any display operation may begin. To initialize the internal registers and color palette, 
the host computer writes data into the internal registers, overlay registers, and color palette RAM using the CO, C1, and 
DO-D7 inputs. 

Since the pipeline delay of the KDA0458 is fixed at eight CLK cycles, there is no need to perform the pipeline reset func- 
tions upon power-up. Performing pipeline reset operations on KDA0458 will have no effect on its operation. The command 
register must be re-initialized any time the multiplex selection is changed (i.e., from 4:1 to 5:1 input multiplexing). 

The following sequence of write commands will initialize a KDA0458 to 4:1 multiplexing, no overlays, and no blinking. 


C1 Co Operation Function 
0 0 Write 04h to Address Register Access Read Mask Register 
1 0 Write FFh to Read Make Register Enable All Pixel Inputs 
0 0 Write 05h to Address Register Access Blink Mask Register | 
1 0 Write 00h to Blink Mask Register | Disable All Blinking = 
| 0 0 Write 06h to Address Register ‘| Access Command Register 
1 0 Write 40h to Command Register Initialize Command Register 
| 0 0 Write 07h to Address Register Access Test Register a 
| 1 | 0 Write O0Oh to Test Register 7 Initialize Test Register | 
0 | 0 Write OOh to Address Register Access Color Palette RAM 
0 1 Write Red Value to RAM Location0Oh =~——«»WriteRedValue—™” 
0 1 | Write Green Value to RAM Location 00h ‘WriteGreen Value i 
0 1 | Write Blue Value to RAM LocationOOh =—~—S Write Blue Value 
0 1. Write Red Value to RAM LocationOth = | WriteRed Value | 
0 1 | Write Green Value to RAM Location 0th | Write Green Value a 
0 1 | Write Blue Value to RAM Location 01h | Write Blue Value” 
0 1 Write Red Value to RAM Location FFh WriteRed Value ss 
0 1 Write Green Value to RAM Location FFh | Write Green Value _ 3 
0 1 Write Blue Value to RAM Location FFh " Write Blue Value 
0 | 0 Write OOh to Address Register | Access Overlay Register _ 
1 1 | Write Red Value to Overlay LocationOOh | ~WriteRedValue 
1 1 | Write Green Value to Overlay Location 00h | Write Green Value a 
1 1 Write Blue Value to Overlay Location OOh | Write Blue Value 
1 4 Write Red Value to Overlay Location 00h Write Red Value | 
1 14 Write Green Value to Overlay Location 03h Write Green Value 
1 1 Write Blue Value to Overlay Location 03h Write Blue Value ; 


Table 2. Initialization Routine for KDA0458 
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Snow-Free Operation 


In most RAM DAC’s frequent accesses (Reads or Writes) to the color palette RAM or overlay registers (e.g., Block writes) 
during display refresh result in noticeable disturbances on the screen. This is referred to as “SNOW”. To avoid this, program- 
mers resorted to polling for the blanking interval before making such accesses, resulting in less than optimum system per- 
formance. Since Samsung's design of KDA0458 use dual ported color oalette and overlay registers, programmers are free 
from this restriction. Any number of accesses to the color palette RAM and overlay registers can be made during screen 
refresh without screen disturbances. 


Frame Buffer Interface 


The input architecture of the KDA0458 compensates for the slower pixel data output rates of the frame buffer in very high 
resolution graphics systems. The internal latches and multiplexers allow several pixels to be loaded at frame buffer out- 
put rates and shifted out one by one at pixel clock rates. On the rising edge of the load control input (LD) (see Fig. 2), the 
following information is latched: SYNC and BLANK information, pixel input data (PO-P7) (A-E)) and overlay input data (OLO- 
OL1 (A-E)). The number of pixels being stored is either four or five, depending on mux selection criteria (4:1 or 5:1). Dur- 
ing each pixel clock cycle, the KDA0458 outputs color information based on previous pixel inputs (A-E). Once all four or 
five pixels are sent to the display unit, the cycle repeats itself by loading the next set of pixel inputs. Signal relative to the 
clock, makes the design of frame buffer easier. This is done by externally dividing the CLK signal by four or five to gener- 
ate the LD signal, eliminating the skew that is usually generated by propagation delays of the LD control logic. So, indepen- 
dent of clock phase, the pixel and overlay data are latched on the rising edge of the LD. 

Internal logic generates a pseudo LOAD signal that is synchronous to CLK. This signal is guaranteed to follow the LD sig- 
nal by at least one clock cycle and not more than three. The main function of this pseudo LOAD signal is to transfer the 
latched pixel and overlay data into a second set of latches, which are internally multiplexed at the pixel rate. For the cases 
where 4:1 multiplexing is specified, only one rising edge of LD should occur every four Pixel clock cycles. Similarly for 5:1 
multiplexing scheme, only one rising edge of LD should occur every five clock cycles. Otherwise, the internal LOAD gener- 
ation circuitry will not be able to synchronize and lock to external LD. 


Color Selection 


Table 3 shows the color palette and overlay selection criteria. There are eight bits of color(PO-P7)and two bits of overlay 
information(OLO-OL1) for each pixel that needs to be processed every clock cycle by the read mask, blink mask and 
command register. These programmable registers not only control the display of individual bit planes but also the rate at 
which they blink. During active display time, accessing the blink mask register could cause an undesirable color change. 
To eliminate this artifact, the KDA0458 checks the video timing for vertical retrace intervals and allows the change to be 
made only during blanking time. A vertical retrace interval is identified by monitoring the BLANK input signal and detect- 
ing that the BLANK signal has been logically low for a minimum of 256x(LD cycles). 


ne [oui [ous [por7 | Gaerinomaton 


Color Palette Location 00h 
Color Palette Location O1h 


Color Palette Location 
FFh 

Overlay Color 0 
Overlay Color 1 
Overlay Color 2 
Overlay Color 3 


Table 3. Color Palette & Overlay Selection 
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Video Output 


The data from color palette RAMs or overlay registers are supplied to internal DAC every pixel clock. The KDA0458 uses 
a segmented architecture for its internal DACs. As a result, the switching transient response is in essence reduced and 
monotonicity and low glitch are guaranteed. 

By pipelining the SYNC and BLANK inputs, synchronization with pixel data is maintained and current output is internally 
adjusted to generate the specific levels required for composite video output waveforms (see Fig. 4). 

The KDA0458 contains the SYNC information only on the output of the green DAC (G). Fig 4 shows how the SYNC inputs 
modify the output level. 


G Output Waveforms 


1.000V (26.67mA) White Level 


«| 256 Gray-Scale 


Black Level 


0.340V (9.05mA) 


0.286V (7.62mA) iBank Level ee int! a 

0.000V (0.00mA) Syne Level a es pene Lees 
R and B Output Waveforms 

0.714V (19.05mA) White Level 


«| 256 Gray-Scale 


Blank Level 


0.054V (1.44mA) 


Black Level 


Note: R_ =75Q (doubly-terminated), Rser =523Q, Vrer =1.235V 


Fig. 4. Composite Video Output Waveforms 
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INTERNAL REGISTER 


Command Register 


The Command Register is 8 bits wide and its content can be written to or read by the MPU. The purpose of the Command 
Register is to select various functions within the RAM DAC such as: Overlay display enable, Overlay blink enable, Over- 
lay blink rate, Color palette RAM enable, and Multiplex ratio. 

A detailed description of bit functions within the command register is shown below: 


(CRO corresponds to LSB on the data bus (DO)) 
a 


OLO Display Enable If this bit is set to 1, there is no impact on the value of the OLO 
0: Disable (A-E) inputs. 

1: Enable If this bit is set to 0, it forces the OLO (A-E) inputs to be logical 

zero prior to selecting the palettes. 


OL1 Display Enable If this bit is set to 1, there is no impact on the value of the OL1 (A- 
0: Disable E) inputs. 
1: Enable If this bit is set to O, it forces the OL1 (A-E) inputs to be logical 
zero prior to selecting the palettes. 


This bit when to 1, forces the OLO (A-E) inputs to toggle between 
a logical 0 and the input value at the selected blink rate prior to 

selecting the palettes. 

In order for overlay 0 bit plane to blink, bit CRO must be set toa 
logical one. If this bit is set to 0, there is no effect on the value of 
the OLO (A-E) inputs. 


This bit when to 1, forces the OL1 (A-E) inputs to toggle between 
a logical 0 and the input value at the selected blink rate prior to 

selecting the palettes. 

In order for overlay 1 bit plane to blink, bit CR1 must be set to a 

logical one. If this bit is set to 0, there is no effect on the value of 
the OL1 (A-E) inputs. 


CR4 and CR5 control the duty cycle time and blink rate cycle 
time. The numbers in parentheses specify the duty cycle, and the 
number of vertical retrace intervals are also shown. 
00 16 0n, 48 off (25% duty cycle every 64 vertical intervals) 
01 160n, 16 off (50% duty cycle every 32 vertical intervals) 
10 320n, 32 off (50% duty cycle every 64 vertical intervals) 
11 64 0n, 64 off (50% duty cycle every 128 vertical intervals) 


When the overlay select bits are OLO=0, OL1=0 this bit specifies 
whether to use the color palette RAM (1) or overlay color (0) for 
providing color data. 


OLO Blink Enable 
0: Disable 
1: Enable 


OL1 Blink Enable 
0: Disable 
1: Enable 


Blink Rate Selection 


RAM Enable 
0: Use Overlay Color 0 
1: Use Color Palette RAM 


This bit specifies whether 4:1 or 5:1 multiplexing is to be used for 
the pixel and overlay inputs. For 4:1 case, the (E) pixel and (E) 
overlay inputs are ignored. However, all of the pixel data and over- 
lay inputs associated with (E) should be grounded. LD input sig- 
nal should also be 1/4 the CLK rate. 

If 5:1 is selected, all of the pixel data and overlay inputs are used 
and the LD input should be 1/5 the CLK rate. 


Multiplex Select 


Read Mask Register 


This register is used to enable or disable a bit plane from addressing the color palette RAM. DO corresponds to bit plane 
0 (PO (A-E)) and D7 corresponds to bit plane 7 (P7 (A-E)). Each register bit is logically ANDed with the corresponding bit 
plane input, therefore, setting a bit to one it would enable the matching bit plane. Read mask register may be written to 
or read by the MPU at any time and is not initialized. 
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Blink Mask Register 


This register is used to enable or disable a bit plane from blinking at the blink rate and duty cycle specified by the com- 
mand register. DO corresponds to bit plane 0 (PO (A-E)) and D7 corresponds to bit plane 7 (P7 (A-E)). Setting a bit in this 
register would be enable the matching bit plane to blink if the corresponding bit in read mask register is also set. This register 
may be written to or read by the MPU and must be initialized for correct operation. 


Test Register 


This register facilitates observation of the digital data presented to the DAC. The four LSBs, DO-D3, of the test register are 
used to select which data is to be presented at the DO-D7 port. When writing to this register, D4-D7 are discarded. The con- 
tents of the test register are defined as follows: 


eee 


Bit Functions | entices “ Data Selected for D4-D7 
D7-D4 Read Data (one nibble of red, green or blue) 01h (0001) Read red MSB nibble 
| D3 _ Upper (logical 0) or Lower (logical 1) nibble select 02h (0010) Read green MSB nibble 
| 02 _ Blue Enable 04h (0100) Read blue MSB nibble 
| D1 Green Enable 09h (1001) Read red LSB nibble 
DO Red Enable OAh (1010) Read green LSB nibble 
OCh (1100) Read blue LSB nibble 


Table 4. Functional Description of Test Register 


LSBs or MSBs are selected by the state of D3 when writing to the Test Register. Red, green, blue data is selected by DO- 
D2. Only one bit of DO-D2 should be logical one for each read operation. When the MPU reads the test register, the 4 bits 
of color information from the DAC inputs are contained in the upper 4 bits, and lower 4 bits contain the enable information 
previously written. Note that either the CLK must be slowed down to the MPU cycle time, or the same pixel and overlay 
data must be presented to the device during the entire MPU read cycle. 


DESIGNING WITH THE KDA0458 


Board Layout 


The KDA0458 is a high speed CMOS RAM DAC. CMOS device may draw large transient currents from the power supply. 
To supply the transient currents present in high speed video circuitry it is necessary for layout and decoupling circuitry to 
optimize. The optimum layout enables and KDA0458 to be located as close to the power supply connector and as close 
to the video output connector as possible. 


Power and Ground Plane 


The digital power plane powers all digital logic on the PCB, and the analog plane powers all KDA0458 power pins (Vaa) 
and reference circuitry. The digital power plane (Vcc) and analog power plane (Vaa) are connected through a ferrite bead 
(see Fig. 6). This ferrite should be located within 3 inche of the KDA0458. 

Ground plane should not be intersected each other. Connections to the ground plane should have very short lead lengths. 


Power Supply Decoupling 


Decoupling capacitors should be applied liberally to the Vaa pins of KDA0458. For the decoupling capacitor between the 
power line and ground line, a 0.14F ceramic capacitor is used in parallel with a 0.01F chip capacitor (for high frequency 
power supply noise rejection). The 33uF capacitor is for low frequency power supply ripple rejection. The lead lengths of 
the capacitors should be minimized. 


Device Decoupling 


To reduce the lead inductance, all capacitors are should be located as close to the device as possible. Chip capacitors are 
recommanded for minimum lead inductance. The COMP pin must be decoupled to Vag, typically using a 0.1uF ceramic 
capacitor. Low frequency supply noise will require a larger value. If the ghosting phenomenon is displayed, additional 
capacitance in parallel with the 0.1 .F capacitor may help to fix the problem. The pixel clock should have the shortest pos- 
sible traces. Longer traces can produce undesirable effects such as overshoot, undershoot, and ringing. 
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Digital Input Termination 


Most noise on the analog outputs will be caused by excessive edge speeds, overshoot, undershoot, and ringing on the 
digital inputs. The PCB line between the TTL driver (which drive KDA0458) and the input to the KDA0458 have a low 
impedance source and are terminated with a high impedance. They behave like low impedance transmission lines, so signal 
transitions will be reflected from the high impedance input of the KDA0458. Transmission line mismatch will exist if the line 
length reflection time is greater than 1/4 the signal edge time, resulting in ringing, overshoot, and undershoot that can gener- 
ate noise onto the analog outputs. To reduce ringing, overshoot and undershoot caused by transmission line mismatch, 
either line length should be shortened or the line termination method should be used. The line temination method includes 
serial and parallel terminations. The recommanded technique is to use serial termination. Serial termination is achieved 
by installing a resister of about 5002 between the TTL driver output and the KDA0458 digital input. 


Analog Output 


The line between DAC output and monitor R, G and B inputs should be regarded as a transmission line. As it is, it also 
causes problems of transmission line mismatch. As a solution to these problems, the double-termination method is used. 
By using this, both ends of the transmission lines are matched, providing an ideal, non-reflective system. 

To maximize high-frequency supply voltage rejection, the video output signals should overlay the device ground plane. 


Reference Voltage Source 


The three DACs of the KDA0458 use a single external reference voltage and current-setting resistor to determine analog 
output levels. Noise and other signals on the Vrer input will be amplified and added to the outputs of the DACs. To degrade 
the noise effects of Vrer input, it is important that the applied reference voltage be as stable as possible. The preferred 
method is to generate the reference with a 1.2V bandgap reference voltage source. 


Pixel Clock Generation 


The pixel clock, CLK and CLK, is a differential clock input that is designed to be driven by ECL circuitry powered from Vaa 
and GND. The CLK and CLK inputs should be terminated as close to the KDA0458 as possible with 220/3302 resistor pairs. 
LD is typically generated by dividing the clock frequency by 4 (4:1 multiplexing) or 5 (5:1 multiplexing) and it is translated 
to TTLlevels. Any propagation delay in LD caused by the divider circuitry will not affect device performance. LD may be 
used as the shift clock for the video DRAMs. The Bt438 clock generator (from Brooktree) is recommended. It supports both 
4:1 and 5:1 multiplexing (see Fig. 5) 


CLOCK 


Clock 
Generator 


Monitor 
Products 
970E 


Fig. 5. Generating the KDA0458 Clock Signals 
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C5 L 
R1 C6 
C10 C1 
C7-C9 
C2-C4 
KDA0458 

Rset 

Ry, Ri R, 


Vendor Part Number 
Erie RPE 112Z5U104M50V 
AVX 12102T 103DA1018 
Mallory CSR 13F336KM 


Fair-Rite 2743001111 
Dale CMF-55C 
Dale CMF-55C 
Dale CMF-55C 


Table5. External Voltage Reference Part List 


reales 


ELECTRONICS 


CMOS INTEGRATED CIRCUIT 


KDA0458 


PACKAGE DIMENSIONS 


84-PLCC-SQ 


Unit : mm 


30.28 + 0.2 


29.31 


‘| 


OS6r 82 


c0+820€ 


LO lv0 


LO+12L0 


Le6e 


S0'0- 
L‘O+ 
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Description 

KDA0471/0476/0478 support Personal System/2® compatible color graphic applications. The KDA0471/0478 come ina 
44-pin PLCC package. The KDA0476 come in 32,44-pin PLCC and 28-pin DIP package. KDA0471 consists of color palette 
RAMs of 256 x 18 bits, overlay registers of 15 x 18 bit and triple 6-bit DACs. KDA0476 consists of color palette RAMs of 
256 x 18 bits and triple 6-bit DACs. KDA0478 consists of color palette RAMs of 256 x 24 bit, overlay registers of 15 x 24 
bit and triple 8-bit DACs. Fifteen overlay registers support overlaying cursors, grids, menus, and EGA emulation. 
KDA0471/0478 support generation of sync signal on all three channels, and programmable pedestal (0 or 7.5 IRE). The 
KDA0471/0476/0478 generate RS-343A compatible video outputs capable of directly driving a doubly-terminated 75 Ohms 
load, and RS-170 compatible video outputs capable of directly driving singly-terminated 75 Ohms load without the need 
for external buffers. 


Features 

e Personal System/2® compatible. 

e Snow-free display. 

e 50, 66, 80, 100 and 120MHz operation. 

¢ Triple 6/8 bit high performance DAC. 

e 256 x 18/24 color palette SRAM. 

e 15x 18/24 overlay palette SRAM (KDA0471/0478). 
e RS-343/RS-170 compatible outputs. 

e Standard MPU interface. 

e External voltage or current reference. 

e Single +5V power supply. 

e 44-pin PLCC, 32-pin PLCC or 28-pin DIP Package 


Ordering Information 


Marking Spec Package Remark 
KDA0476BCN-50/66/80 50/66/80MHz 28DIP Only Irer Mode 
KDA0476BPJ-50/66/80 50/66/80MHz 32PLCC Only Irer Mode 
KDA0476BPL-50/66/80 50/66/80MHz 44PLCC lrer Mode 
KDA0476BPL-50/66/80 50/66/80MHz 44PLCC Vrer Mode 


KDA0471BPL-501/661/801 50/66/80MHz 44PLCC lrer Mode 
KDA0471BPL-50V/66V/80V 50/66/80MHz 44PLCC Vrer Mode 
KDA0478BPL-501/661/801/1001/1 201 50/66/80/100/120MHz 44PLCC Ines Mode 


50/66/80/100/120MHz Vrer Mode 


KDA0478BPL-50V/66V/80V/100V/120V 


Block Diagram 


RSO-RS2 WR RD 8/6 Vrer Ire (Rser) Vaan 


MPU Interface Block 


6 (8) 


8 


Address Reg 


PO-P7 


Pixel Mask 
Register 


BLANK 


Color Palette RAM 


SYNC 


®Personal System/2 and PS/2 are registered trademarks of IBM 
( ) for the Vrer Mode 
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Pin Configurations 


44-Pin Plastic J-Lead (PLCC) 


KDA0471/0478 


IREF Mode 


KDA0476 


IRE Mode 


Notes: 


KDA0471/0478 


Veer Mode 


KDA0476 


Vrer Mode 


1. N/C pins may be left unconnected without affecting the performance of the KDA0471/0476/0478. 


2.( __) for the KDA0471. 
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28-Pin DIP 32-Pin Plastic J-Lead (PLCC) 


KDA0476 KDA0476 
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Electrical Specipications 
Absolute Maximum Ratings 


CMOS INTEGRATED CIRCUIT 


Characteristics Symbol Min Typ Max Unit 
DC Supply Voltage Vaan 7.0 V 
Voltage on Any Digital Pin GND-0.5 Vaa+0.5 V 
Analog Output Short Circuit Duration i 
to any Power Supply or Common ia GRINS 
Operating Temperature (ambient) To pe 55 +125 as © 
Storage Temperature Tstg —65 + 150 | mt 
Junction Temperature Ty + 150 | ol 
ap ys pel Ts a0 | 
Vapor Phase Soldering (1 minute) Tvsol 220 | °C 


Note: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within 


specified operating conditions. 


2. Functional operation under any of these conditions is not implied. 


3. Applied voltage must be current limited to specified range. 


4. Current is specified as positive when flowing into the device. 


Recommended Operating Conditions 


Characteristics 


DC Supply Voltage 


PS/2 compatible 


seit 


ELECTRONICS 


50MHz parts 4.50 5.00 5.50 V 
66,80MHz parts 4.75 5.00 5.25 | V 
Operating Temperature (ambient) To 0 * 
[ Output Load (effective) Ri 37.5 Q 
Reference Voltage Vrer 1.14 1.235 
L 
lrer Current lReF 
RS-343A standard -3 — 8.39 mA 
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DC Characteristics 


ee 


DAC Resolution: KDA0478 


Bits 


KDA0471/0476 : : Bits 
DCA Accuracy 
Integral Linearity Error =: KDAQ478 IL LSB 
KDA0476 LSB 
KDA0471 LSB 
Differential Linearity Error : KDA0478 DL LSB 
KDA0476 LSB 
KDA0471 LSB 
Gray Scale Error % Gray 
Monotonicity Guaranteed 
Coding Binary 
Digital Input High Voltage Vin 2.0 V 
Digital Input Low Voltage Vie GND-0.5 V 
Digital Input High Current (Vin = 2.4V) ly pA 
Digital Input Low Current (Vion =0.4V) lie pA 
Digital Input Capacitance Cin pF 
(f= 1MHz, Vin=2.4V) 
Digital Output High Voltage (loh = — 400,A) Vou 2.4 V 
Digital Output Low Voltage (lo1 = 3.2mA) VoL 0.4 V 
Digital Three-State Current loz 50 pA 
Digital Output Capacitance Coo 7 pF 
Analog Outputs 
Gray Scale Current Range 20 mA 
Output Current (RS-343A Standard) 
White Level relative to Black* 17.62 mA 
Black Level relative to Blank 
KDA0471/0478: Setup = Vaa 0.95 1.44 1.90 mA 
Setup = GND 0 5 50 pA 
KDA0476 0 0 0 pA 
Blank Level: KDA0471/0478 6.29 7.62 8.96 mA 
KDA0476 0 5 50 pA 
Sync Level (KDA047 1/0478 Only) 0 5 50 uA 
LSB: KDA0478 69.1 pA 
KDA0471/0476 279.68 pA 
DAC to DAC Matching 2 5 % 
Output Impadence Rao 10 KQ 
Output Capacitance (f= 1MHz, lour = OMA) Cao 30 pF 
Output Compliance Voc -1.0 +1.5 V 
Voltage Reference Input Current IVREF 10 pA 
Power Supply Rejection Ratio PSRR 05 1% AV aa 


(f = 1KHz, COMP =0.1pF) 


Test conditions to generate RS-343A standard video signals (unless otherwise specified): 
ditions’ using external voltage reference with Reser 


DIP version of the KDA0476, IREF = —8.39mA. 


= 1 470, Vrer 


‘Recommended Operating Con- 
= 1.235V, SETUP = Vag, 8/6 = logical 1. For 28-pin 


As the above’ parameters are guaranted over the full temperature range, temperature coefficients are not specified or required. 
* Since the KDA0471/0476 have 6-bit DACs (and the KDA0478 in the 6-bit mode), the output levels are approximately 


1.5% lowr than these values. 
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Analog Output Levels—PS/2 Compatibility 


Analog Output Current 
White Level relative to Black 
Black Level relative to Black 
KDA0471/0478: Setup = Vaa 


: Setup = GND 


KDA0476 
Blank Level: KDA0471/0478 
‘-KDA0476 
Sync Level (KDA0471/0478 Only) 


Test conditions to generate PS/2 compatible video signals (unless otherwise specified): ‘Recommended Operating Con- 
ditions’ using external voltage reference with Rset = 1400, Vrer= 1.235V, SETUP = Aga, 8/6 =logical 1. For 28-pin DIP 


version of the KDA0476, Ipe- = — 8.88mA. 
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AC Chracteristics 


Parameters Symbols 


Clock Rate 


RSO-RS2 Setup Time 
RSO-RS2 Hold Time 


RD Asserted to Data Bus driven 
RD Asserted to Data Valid 

RD Negated to Data Bus 3-Stated 
Read Data Hold Time 

Write Data Setup Time 

Write Data Hold Time 


RD, WR Pulse Width Low 
RD, WR Pulse Width High 


Pixel and Controi Setup Time 
Pixel and Control Hold Time 


= — 


Clock Cycle Time (Tcix) 
Clock Pulse Width High Time 
Clock Pulse Width Low Time 


Analog Output Delay 
Analog Output Rise/Fall Time Tr/Tf 
Analog Output Settling Time* Tset 20 13 | 13 ns 
Clock and Data Feedthrough* FDTHR — 30 | - 30 30 dB 
Glitch Impluse* Gl 75 t 5 | ¥5 pV-sec 
DAC to DAC crosstalk XTAK — 23 - 23 -23 dB 
_ Analog Output Skew Tskw | | | 2 | | 2 | 2 ns 
Pipeline Delay Tdp 4 4 4 4 4 4 4 4 4 Clocks 
l | in | | 7 
Vaa Supply Current** 


Note: 


Recommended Operating Conditions using external voltage reference with Rset = 1470, Ver = 1.235V, SETUP =Vaa, 
8/6 = logical 1. For 28-pin DIP (KDA0476), Ipes = —8.39mMA and TTL input value are 0 to 3 volts with input rise/fall times 
< =3ns (measured between 10% and 90% points). The timing reference point at 50% for inputs and outputs. Analog 
output load < = 10pF, DO-D7 output load < =50pF. (Refere to timing chart-Figure 2) 


* Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this 
test, the digital inputs have a 1KQ resistor to ground and are driven by 74HC logic. Settling time does not include clock 
and data feedthrough. Glitch impluse includes clock and data feedthrough, — 3dB test bandwidth = 2 x clock rate. 

** At Fmax laa (Typ) at Vag =5.0V. laa (Max) at Van (Max). 
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AC Characteristics 


oe le ee ee 


| ClockRate Rate | Famx 


RSO-RS2 Sek ae Time fam a a 
RSO-RS2 Hold Time Thrs 10 10 


RD Asserted to Data Bus driven 
RD Asserted to Data Valid 40 40 
RD Negated to Data Bus 3-Stated 20 20 
Read Data Hold Time 
Write Data Setup Time Tswd 10 10 
Write Data Hold Time Thwd 10 10 
RD, WR Pulse Width Low Tpwl 50 50 
RD, WR Pulse Width High Tpwh | 6*Tclk 6* Tclk 
Pixel and Control Setup time Tspx 
Pixel and Control Hold Time Thpx 
Clock Cycle Time (Tcux) 10 8.33 
Clock Pulse Width High Time ° : 
Clock Pulse Width Low Time 


Analog Output Delay 
Analog Output Rise/Fall Time 
Analog Output Setting Time* 
Clock and Data Feedthrough* 
Glitch Impulse* 

DAC to DAC crosstalk 
anaes Output Skew 


-— 30 

75 

-23 
[Five Dey dt tae [a ae pe [a pe | «pe 
[Va SuppWy Curent =| tm | + veo | seo | —~|t80 | ae | ma 


Note: 

Recommended Operating Conditions using external voltage reference with Reet = 1470, Vrer = 1.235V, SETUP = Vag, 
8/6 = logical 1. For 28-pin DIP (KDA0476), Ine- = — 8.39mMA and TTL input value are 0 to 3 volts with input rise/fall times 
< =3ns (measured between 10% and 90% points). The timing reference point at 50% for inputs and outputs. Analog 
output load < = 10pF, DO-D7 output load < =50pF. (Refers to timing chart-Figure 2) 


* Clock and data feedthrough is a function of the amount of overshoot and undershoot on the digital inputs. For this 
test, the digital inputs have a 1KQ resistor to ground and are driven by 74HC logic. Setting time does not include 
clock and data feedthrough. Glitch impulse includes clock and data feedthrough, — 3dB test bandwidth = 2 x clock rate. 

** At Fmax 1aa (Typ) at Vaa=5.0V. laa (Max) at Vax (Max). 
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Timing Waforms 


RD Tpw1 
Tpwh. 


| Tsrs | Thrs | Tsrs | Thrs 
~_—-» ~ 


RSO-RS2 RSO-RS2 


Thwd 
- _Tswd 


D0-D7 ee 


Write Cycle 


Read Cycle 


Figure 1. MPU Read/Write Timing 


CLOCK 


PO-P7, OLO-OL3 
SYNC, BLANK 


Tspx ——-== 


| Thpx 


en am rmeaainme 


Figure 2. Video Timing Diagram 


Note 1: Output delay measured from the 50% point of the rising edge of CLOCK to the 50% point of full scale transition. 
Note 2: Settling time measured from the 50% point of full scale transition to the output remaining whinin + 1 LSB (KDA0478), 


+ 1/4 LSB (KDA0471), or + 1/2 LSB (KDA0476). 
Note 3:Output rise/fall time measured between the 10% and 90% points of full scale transition. 
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Pin Description 


Section Symbol Signal Name /0- Description 
MPU RSO-RS2 | Register | | These inputs are used to specify the internal register to be 
Interface Select _ accessed, as shown in Table 2. _ 
These inputs are latched at the falling edge of the RD or WR 
| signals. 
———E os 2 : — = at —_ = 
RD, WR_ | Read enable, _ || RD and WR signals control the timing of the MPU Read and 
Write enable Write operations respectively. 
The DO-D7 and RSO-R2 are fatched on the rising and falling 
edges of the signal respectively. 
| | _ RD and WR should not be asserted simultaneously. 
————— q + : SE ————— ——— — - — 
DO-D7 Data Bus I/O | MPU data is transferred between 8 bit data bus and internal 
_ register under control of RD or WR signal. 
i +—_________— —__——— — - _ —— ee — = —— 
8/6 6-bit/8-bit | | With logical 1 on this input, the MPU performs 8-bit operations 
DAC Select | _ and D7 is the MSB. 
| _ With logical 0 on this input the MPU performs 6-bit operations 
| and D5 is the MSB. 
Pixel’ CLOCK | Pixel Clock | | P0-P7, OLO-OL3, SYNC and BLANK inputs are latched 
Interface | _onthe rising edge of the clock. 
| The input should be driven by a TTL buffer. 
PO-P7 Pixel Address | | These inputs specify one of the 256 color data entries in 
| | _ the color palette RAM to be used for color information. 
_ Unused pins should be connected to GND. 
}- —oo —+-- ~-——— + + — = 
OLO-OL3 © Overlay Select =| These inputs specify one of the 15 overlay palette. 
| | When an overlay register is accessed, PO-P7 are ignored. 
| | | Unused pins should be connected to GND. 
| SETUP Setup Control | This pin control 7.5IRE or OIRE blanking pedestal 
| _ when SETUP is logic 1 or 0. 
| This pin should not be in the floating condition. 
= — _ . = — + + . = - a 
| BLANK Composite | | When logical 0 is input on this pin, the outputs of the 
| _ Blank Control DACs are driven to blanking level, regardless of concurrent 
| | PO-P7 or OLO-OL3 values. 
: = : } = : — 
SYNC _ Composite | | When logical 0 is input on this pin, the current source 40 
_ Sync Control IRE in the DAC is switched off. When logical 1 is input, current | 
| as high as 40 IRE is added to the DAC output. | 
The SYNC does not override any other control or data input, 
so it must be activated only during the blanking interval. 
| | | If sync information is not needed in the analog output this 
input should be connected to GND. 
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Section 


Analog 
Interface 


Symbol 
R, G, B 


VReEF 


lReF (Rser) 


KDA0478 


KDA0471 


KDA0476 


Signal Name 1/0 
Red, Green, O 
Blue Current 
Output 


Compensation 


Voltage 
Reference 


Full Scale | | 
Adjust Control 


t 
_ Analog Power 


— 
| Ground 


6-bit Mode 
8-bit Mode 


Table 1. Constant K for 37.52 Loads 


(See Figures 5, 6 and 7) 


In the KDA0471/0476/0478 of Vaer mode, the pin should be 


between this pin and the Vasa. (See the figures 7) 


Pedestal K (With sync) K (Without sync) 


Description 


R, G and B are respectively the analog currents output of 3 
DACs. These high impedance current source are capable of 
directly driving a doubly-terminated 750 coaxial cable. 


When using the KDA0471/0476/0478 of Iper mode, this pin 
should be connected to the Iper pin. When using the KDA0471/ 
0476/0478 of Vrer mode, this pin should be connected to 

the Vaa, through the bypass capacitor. 


supplied with 1.2V reference voltage. A bypass capacitor of 
0.1uF with shortest possble lead lengths should be connected 


This setting will not change the Irer relationship shown in 
Figure 3 and 4. When using the KDA0471/0476/0478 of Vrer 
mode, this input should be connected to GND through the 
Rser. The magnitude of the full scale video outputs is controlled 


by the Rser Resistor. The relationship between the Rser and 
full scale output Current on each output is given by: 


K x 1000 x Vrer 
Rset = : 
lout 


(Rser in Ohms, recommended 1470, Veer in Volts, and 

lout in mA) 

When using the KDA0471/0476/0478 of Ines mode, the 
relationship between Iper and the full scale output current on 
each output is: 


lout 
lner = (lour in mA) 


Constant K is listed on Table 1 for 37.5 loads. 


2.26 
2.10 
2.28 
2.12 
2.20 
2.10 


2.10 
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Device Description 


KDA0471/0476 Data Bus 
Internal data bus is 6-bits and the lower 6-bits of the 8 bit input bus contain the color data. In this case, DO is the LSB 
and D5 is the MSB of the color data. D6 and D7 are ignored during write cycle and they are zero during read cycle. 


KDA0478 Data Bus 

The function of the control input ‘‘8/6”’ on this device is to specify whether the MPU reads and writes 8 bits (8/6 = logical 
0 of data in each cycle. For 8 bit operation, the data bit DO is the LSB and the data bit D7 is the MSB of the color data. 
In case of 6 bit operation, lower 6 bits contain color data with DO being the LSB and D5 being the MSB as stated before. 
D6 and D7 are ignored while writing the data. During read cycles, D6 and D7 are logical zero. 


Microprocessor Interface 

The KDA0471/0476/0478 support standard MPU interfaces which allows a microprocessor to access the color palette 
RAM and overlay registers. Microprocessor can access the address register, color palette RAM, overlay registers or read 
mask register and the selection is done by the RSO-RS2 input shown in Table2. The address register is used to address 
the color palette RAM and overlay registers, without requiring any external address multiplexers. The data bit DO is the 
LSB and it corresponds to the address bit ADDRO. 


RS2 RS1 RSO Register Name 
0 0 0 Address Register (GRAM Write Mode) 
0 1 1 Address Register (SRAM Read Mode) 
0 0 1 Color Palette RAM 
0 1 0 Pixel Read Mask Register 
1 0 0 Address Register (Overlay Write Mode) 
1 | 1 1 Address Register (Overlay Read Mode) 
1 0 1 Overlay Register 
1 1 0 Reserved 


Table 2. Register select input truth table 


Writing to the color palette RAM 

For wirting data into the color palette RAM, the MPU must first write the address of the color palette RAM location to be 
modified into the Write-mode address register. The MPU will have to perform three successive write cycles each, one 
for red, green and blue color information are combined internally to make a 24-bit word (18-bit word in case of KDA0471/0476) 
and written to the RAM location given by the address register. The address register is auto-incremented to the next loca- 
tion. This allows consecutive update of the color palette RAM locations, for which the MPU can continue supplying se- 
quences of red, green and blue data until the entire block has been written. 


Reading from the color palette RAM 

For reading data from the color palette RAM, the MPU must first writes the address of the color palette RAM location, 
which is to be read into the Read-mode address register. The color contents from this location are copied into the RGB 
registers and the address register is auto-incremented to the next location. The MPU will have to perform three succes- 
sive read cycles each for red, green and blue color, using RSO-RS2 to select the color palette RAM. After the last (blue) 
read cycle, the contents of the specified color palette location are copied into the RGB registers and address register 
is once more auto-incremented. This allows reading consecutive locations of the color palette. In this way, the MPU con- 
tinues to perform red, green and blue read cycles until the entire block has been read. 
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Writing on the Overlay Register 

For wirting data into overlay registers, the MPU must first write the address of the overlay register location to be modified 

into the Write-mode address register. The MPU will have to perform three successive write cycles each, one for red, green 

and blue color, using RSO-RS2 to select overlay register. After the last (blue) write cycle, all three bytes of color informa- 
tion are combined internally to make a 24-bit word (18-bit word in case of KDA0471/0476) and written to the overlay register 

location given by the address register. The address register is auto-incremented to the next location. This allows con- 

secutive update of the overlay registers, for which the MPU can continue supplying sequences of red, green and blue 

data until the entire block has been written. 


Reading from the Overlay Register 

For reading data from the overlay registers, the MPU must first writes the address of the overlay register location, which 
is to be read into the Read-mode address register. The color contents from this location are copied into the RGB registers 
and the address register is auto-incremented to the next location. The MPU will have to perform three successive read 
cycles each for red, green and blue color, using RSO-RS2 to select overlay registers. After the last (blue) read cycle. The 
contents of the specified overlay register location are copied into the RGB registers and address register is once more 
autoincremented. This allows reading consecutive locations of the overlay registers. In this way, the MPU continues to 
perform red, green and blue read cycles until the entire block has been read. 


Address Register 

The address register has two additional bits (a0, a1). The bits a0 and a1 repeatedly count 00, 01 and 10, maintaning the 
sequence of Red, Green and Blue Read/Write cycles. 

The MPU can access the eight bits ADO-AD7 which are used to address the color palette RAM and overlay register as 
shown in Table 2. The MPU can read the address register at any time without modifying its contents or modifying the 
read/write mode. 

when the overlay register is accessed, the 4 MSB (AD4-AD7) of the Address Register are ignored, and only the 4 LSB 
(ADO-AD3) are used to address the overlay register. 


Address Register . (OLO-OL3 P0-P7 Addressed by Frame Buffer 
iim ee Oh 00h Color Palette Location 00h 
tr ee ee ees Oh O1h Color Palette Location 01h 
0 1 Green Data : : : 
ioe stash Oh FFh Color Palette Location FFh 
00h-FFh 0 0 1 Color Palette RAM th xxh Overlay Color 1 
x0h 1 O 14 Reserved ; ; : 
x1h-xFh 1 O 1 Overlay Register Fh seit Overlay Color 15 
Table 3. Address Register Operation Table 4. Pixel and Overlay Control Truth Table 
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Graphics Controller Interface 

On this interface, the pixel inputs PO-P7 and overlay inputs OLO-OL3 are used to address the color palette RAM and 
overlay registers as shown in Table 4. These inputs are update from the graphics controller as shown in the application 
example. Also, BLANK and SYNC signals are provided by the VGA controller. The data bit DO of the pixel read mask 
register corresponds to pixel input PO the color palette RAM location addressed by the pixel inputs, provides 24 bits of 
color information to three DACs. In the case of the KDA0471/0476, these are 18 bits. 

As illustrated in Figures 1 and 2, the SYNC and BLANK inputs are latched on the rising edge of the CLOCK to: 

1. Keep synchronization with the color data 

2. Add weighted currents to the analog outputs and 

3. Generate specific output level for video applications. 


Modifications of the output levels by these signals are shown in Tables 5 and 6. 

The SETUP input specifies whether 0 IRE or 7.5 IRE blanking pedestal is used. 

SETUP =GND for 0 IRE 

SETUP=V,, for 7.5 IRE 

The analog outputs of all three devices are capable of directly driving a 37.50 load without any buffering. 


ITEM meets METS SYNC BLANK DAC Input Data 
oS lour (MA) | | it 
WHITE 26.67 1 1 FFh 
DATA Data+9.05 1 1 Data 
DATA-SYNC Data + 1.44 0 1 Data 
BLACK 9.05 1 1 00h 
BLACK-SYNC 1.44 0 1 00h 
BLANK | 7.62 1 0 xxh 
SYNC | 0 0 | 0) xxh 
Note: Doubly-terminated load of 7502, SETUP = Vasa, Vraer = 1.235V, Rser = 1470 
Table 5. Video Output Truth Table (SETUP = Vaa) 
KDA0476 KDA0471/0478 | 
| ITEM | lour (mA) lour (mA) SYNC | BLANK | DAC Input Data 
WHITE 17.62 25.24 1 | 1 | FFh 
DATA Data Data + 7.62 1 1 | Data 
| DATA-SYNC Data | Data 0 1 | Data 
BLACK | 0 | 7.62 | 1 1 | OOh 
BLACK-SYNC ) | 0 0 1 00h 
BLANK 0 7.62 1 0 xxh 
| SYNC 0 0 | 0 0 xxh 


Note: Doubly-terminated load of 750, SETUP =GND, Vper = 1.235V, Roer = 1472 
Table 6. Video Output Truth Table (SETUP = GND) 
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KDA0471/0478 
Level W/O SYNC With SYNC 
mA V mA V 


White 19.05 0.714 26.67 1.000 


92.5 IRE 


r Black 1.44 0.054 9.05 0.343 
FIRE Blank 0.00 0.000 7.62 0.286 
40 IRE 

. = Sync 0.00 0.000 


Note: 750 doubly-terminated load, SETUP = Vas, Vrer = 1 .235V, Rset = 1470 
RS-343A levels and tolerances assumed on all levels. 


Figure 3. Composite Video Output Waveforms (SETUP = Vaa) 


resid 4 : KDA0471/0478 
with SYNC 
Level W/O SYNC 
—V———V—V——e—OVOV OO 
mA V mA V 


White 17.62 0.660 25.24 0.950 


100 IRE 


Black 0.00 0.000 7.62 0.286 
/Blank 
Syne 0.00 | 0.000 0.00 0.000 
a 


Note: 75 doubly-terminated load, SETUP =GND, Vper = 1.235V, Roser = 1472 
RS-343A levels and tolerances assumed on all levels. 


Figure 4. Composite Video Output Waveforms (SETUP = GND) 
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PC Board Layout Considerations 

To minimize noise on the power lines and ground lines, the digital inputs require to be shielded and decoupled. For the 
decoupling capacitor between the power line and ground line, a 0.1uF ceramic capacitor is used in parallel with a 10uF 
tantalum capacitor. The digital power plane (Vcc) and analog power plane (Vaa) are connected through a ferrite bead. 
(refer to Figure 5, 6 and 7) This ferrite bead should be located within 3 inches of the KDA0471/0476/0478. The analog 
power plane supplies power to KDA471/0476/0478 of the analog output pins and related devices. (refer to Figure 5, 6 and 7) 
The PCB line between the TTL driver (which drive KDA0471/0476/0478) and the input to the KDA0471/0476/0478 have a low 
impedance source and are terminated with a high impedance. They behave like low impedance transmission lines, so 
signal transitions will be reflected from the high impedance input of the KDA0471/0476/0478. To reduce ringing caused 
by transmission line mismatch, either line length should be shortened or the line termination method should be used. 
The line termination method includes serial and parallel terminations. The recommended technique is to use serial termi- 
nation. Serial termination is achieved by installing a resistor of about 5002 between the TTL driver output and the 
KDA0471/0476/0478 digital input. . 

The line between DAC output and monitor R, G and B inputs should be regarded as a transmission line, too. As it is, 
it also causes problems of transmission line mismatch. As a solution to these problems, the double-termination method 
is used. By using this, both ends of the transmission lines are matched, providing an ideal, non-reflective system. 


To Video Connector 


KDA0476 


(28-Pin DIP/32-Pin PLCC) 


C5 C1 


Location | Description 
C1-C4 0.1uF Ceramic Capacitor 

C5 _— | a i : 10uF Capacitor - - 

—  B—s a ee 47. Capacitor OS 7 
) C7 rs 1pyF Capacitor . | 7 
PO | FeriteBead 

‘Z - en Adjustable Regulator (LM337-LZ) 
RA, R2, RB — 750 1% Metal Film Resistor 


Rset 1% Metal Film Resistor 


Figure 5. External Current Reference Circuit 
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Tt To Video Connector 


R1 R2 R3 
—s a — L 
KDA0471/0476/0478 — 7 ot + 
(44 Pin PLCC and Irer Mode) ; 
C2. C3 C4 C6 
or 
CA Z 
; * 
C7 
I | 
Location | Description 
C1-C4 | | 0.1nF Ceramic Capacitor 
CS” | 404F Capacitor ; | 
. C6 | agF Capacitor tt tt sti‘ ; O*”*”*”*”*:SC*” 
_ C7.” | | —4F Capacitor 7 | 
i Lo | ——- - Ferrite Bead oe 
] z | Adjustable Regulator (LM337-LZ) 
RY ROR | ~75Q 1% Metal Film Resistor _ 
Fee | 1% Metal Film Resistor | 


Figure 6. External Current Reference Circuit 
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“| 
4 ———__ ; = “To Video Connector 
| 
a — ae 
R14 $ re $ Fe 
=e — L 
’ + - a 4 
KDA0471/0476/0478 = comp ‘i 
(44 Pin PLCC and Vrer Mode) 
Vrer 
ee C8 a) 
Ret Zz 
* = - 
Location Description 
| C1-C5 0.1uF Ceramic Capacitor 
| C6 10uF Capacitor 
L Ferrite Bead 
Z | Voltage Reference (LM 385BZ-1.2) 
R1, R2, RS 752 1% Metal Film Resistor 
R4 1% Metal Film Resistor 
Reet 1% Metal Film Resistor 


Figure 7. External Voltage Reference Circuit 
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HIGH-SPEED A/D-D/A CONVERTER | 
(20MHz 8-bit A/D + 10-bit D/A) 40 DIP 


The KSV3110 consists of high speed low glitch 
10-bit DAC and high speed flash 8-bit ADC with the 
various auxiliary circuits (reference voltage source, 
pre buffer amp, input clamp circuit and feed-in out- 
put amp). 


The KSV3110 is suitable for video application, 
capable of converting an analog signal with full 
power frequency components up to 6MHz into 8-bit 
digital signals. 


All digital inputs and outputs are TTL compatible. 
FEATURES 


¢ 8-bit A/D + 10 bit D/A resolution | 
¢ TTL digital interface 

e Internal input buffer amp — 
¢ Internal clamp circuit (Peak, Keyed) 

¢ 20MSPS conversion rate 

e Internal reference voltage (2V) 

¢ Internal feed-in amp 

¢ Few external components for application 

¢ Easy and simple video application 


APPLICATIONS 


e Medical image processor 
¢ Data acquisition systems 
e Radar data conversion 
e Video data conversion 


fe 


BLOCK DIAGRAM 
Key Pulse 
Reference Reference 
Clamping 
] 


@ 
Weighted 
Current 
Converter 
10 Bits 
Peak 


Clamping 
- eeoceeese 
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PIN DESCRIPTION 


Pin No. Description Pin No. Description 
1 Analog Output D/A Converter 21 Analog Input A/D Converter 
2 —5V Supply D/A-Analog 22 Clamping Level Input 
3 —5V Supply D/A Converter-Digital 23 Clamping Pulse Input 
4 Digital Input Bit 9 (MSB) 24 Analog Ground A/D Converter 
5 Digital Input Bit 8 25 Reference Voltage A/D Converter 
6 Digital Input Bit 7 26 +5V Supply A/D Converter-Digital 
7 Digital Input Bit 6 27 Digital Output Bit 7 (MSB) 
8 Digital Input Bit 5 28 Digital Output Bit 6 
9 Digital Input Bit 4 29 Digital Output Bit 5 
10 Digital Input Bit 3 30 Digital Output Bit 4 
11 Digital Input Bit 2 31 Digital Output Bit 3 
12 Digital Input Bit 1 32 Digital Output Bit 2 
13 Digital Input Bit O (LSB) 33 Digital Output Bit 1 
14 + 5V Supply D/A Converter-Analog-Digital 34 Digital Output Bit 0 (LSB) 
15 Clock Input D/A Converter-Analog 35 Digital Ground A/D Converter 
16 GND D/A Conv. & Clock A/D Converter 36 +5V Supply A/D Converter-Analog 
17 —5V Supply A/D Converter-Analog 37 GND of Ref. Voltage A/D Converter 
18 Clock Input A/D Converter-Analog 38 External Analog Input 
19 +5V Supply A/D Converter 39 Output Signal Switchover Input 
20 Peak Clamping Enable Input 40 + 5V Supply D/A-Analog 


EVALUATION CIRCUIT 


DIAOUT<_t tt CT aolh +5V 
_5V 4 : GATE PULSE 
~5V ® a Cs EXT. SIGNAL 
po O it 
() 8 +5V 
D8 es 
D7 U i 
8 N po 
D/A IN OS 
p4 fr] D2 
b3 O 1 D3 amour 
b2 D D4 - OGND 
b1 C D ps 
Do O n v6 
+5V a aleerg thy 
DIA CLOCK [> a a +5V 10uF 
: 104 
(7 -5v wu a 
AIDCLOCK]| > i i Vv, 
“ : | 
+5V a % N C ADIN 
39K 0.47 uF 
KSV3110 <_] KEY PULSE 
-5V >—WWw WA “WV 
910 1K 560 
Fig. 2 
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ABSOLUTE MAXIMUM RATINGS 


Positive Supply Voltage Voc —0.5 to +6 


Negative Supply Voltage +0.5 to -6 
Input Voltages (digital) —0.5 to +5.5 
Input Voltages (analog) —0.5 to +5.5 
Digital Output Applied Voltage —0.5 to +5.5 
Digital Output Forced Current —2.0 to +6.0 
Digital Output Short Time 1 

Analog Output Applied Voltage -—0.5 to +5.5 
Analog Output Forced Current —10 to +0.5 
Ambient Operating Temperature —25 to +85 
Storage Temperature Range —40 to +125 


NOTE: 1. Absolute maximum ratings are limiting values applied individually, while all other parameters are within 
specified operating conditions. 
2. Functional operation under any of these conditions is not implied. 
3. Applied voltage must be current \imited to specified range. 
4. Current is specified as positive when flowing into the device. 


OPERATING CONDITIONS 


Positive Supply Voltage 
Negative Supply Voltage 


A/D Converter 
Clock High Time (1) 
Clock Low Time (1) 
Clamping Pulse High Time 
Clamping Pulse Low Time 
Digital Input High Voltage (1) 
Digital Input Low Voltage (1) 
Digital Output High Current 
Digital Output Low Current 
Peak Clamping Resistance 
Analog Input Voltage 
Clamping Level 


D/A Converter 
Clock High Time (2) 
Clock Low Time (2) 


(Continue) 
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OPERATING CONDITIONS (continued) 


Switch Over Pulse High Time 
Switch Over Pulse Low Time 
Digital Input High Voltage (2) 
Digital Input Low Voltage (2) 
Digital Input Set-up Time 
Digital Input Hold Time 
External Analog Input Voltage 
Ambient Temperature 


Positive Supply Current loc Voc = Max 
Negative Supply Current lee Vee = Max 


A/D Converter 
Analog Input Bias Current lain Vai =2.0V, Vee = Max 
Analog Input Capacitance Cain 
Analog Input Resistance Rain Fain = 100KHz 
Total String Resistance Rstrinc Ripin 25 — pin 37) 
Reference Voltage VReF Vin 25 
Clock High Current IoKHI Vck =2.4V, Vcc = Max 
Clock Low Current lox Vox =0.4V, Voc = Max 
Clamping Pulse High Current ICLPH Voip = 2.4V, Voc = Max 
Clamping Pulse Low Current IoLpL Vote = 0.4V, Voc = Max 
Digital Output High Voltage VboH lbon = 0.4MA Vcc = Min 
Digital Output Low Voltage (1) VooL1 Ibo. = 1.6mA Voec= Min 
Digital Output Low Voltage (2) VpoL2 Ibo. = 2.4MA Voc = Min 
Maximum Conversion Rate Fas Voc, Vee = Min 
Aperture Delay Time tap Voc, Vee = Min 
Digital Output Delay to Voc, Vee = Min 
Clamp Level Sink Current loo Peak: off, Keyed: off 
Peak Clamp Level Difference A Vpeak Vo Voy 
Keyed Clamp Level Difference A Vey Vo20 Voy 
Peak Clamp Charge Resistance Reeak A Vay! Aloa, Voi < V22 
Keyed Clamp Charge Resistance Rey A Vol Alas, Vo1< Ve2 
Keyed Clamp Discharge Current lkey Vo1>V22 
Static Diff. Nonlinearity SDNL1 Fin = 1KHz CK = 1MHz 
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ELECTRICAL CHARACTERISTICS (continued) 


See [emi] ose ms [ip [me | o 


Dynamic Diff. Nonlinearity 


eit? 
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Ain = 1.02MHz CK = 10MHz 
Ain = 6.0018MHz 


CK = 25MHz (37.5% DUTY) 0.6 % 
Dynamic Integral Nonlinearity Ain = 1.02MHz CK = 10MHz % 
Full Power Input Band Width MHz 
Full Code Offset Error (Full Code Input) — Veer + 200 mV 
Zero Code Offset Error (Zero Code Input) — Vrer + 100 mV 
Signal to Noise Ratio Ain = 1.02MHz CK = 10MHz dB 
(RMS Signal/RMS Noise) Ain = 1.02MHz CK = 20MHz dB 
Ain = 3.601MHz 
CK = 25MHz (37.5% DUTY) dB 
Differential Gain Error Ain = 3.579545M Hz 
CK = 14.318MHz 2 % 
Differential Phase Error Ain = 3.579545M Hz 
CK = 14.318MHz 2 degree 
D/A Converter 
Digital Input High Current loin2 Voc = Max, Voin2 = 2.4V 50 uA 
Digital Input Low Current Ipin2 Voc = Max, Voi2 = 0.4V — 500 pA 
External Input Bias Current I3g Vcc = Max, V3g = 3V 10 pA 
External Input Capacitance Cag pF 
External Input Equ. Resistance R3g F3g = 10KHz Mohm 
External Amp. Offset Error Eorrset V3g= —1V 100 mV 
External Amp. Gain Error Egan \(V1/V38) — 1|* 100 > % 
Max. Data Conversion Rate MSPS 
Analog Output Delay 25 ns 
Settling Time settle to 0.2% 40 ns 
Rising Time 10% to 90% 50 ns 
Falling Time 90% to 10% 35 ns 
Glitch Amplitude 80 mvV 
Glitch Duration 7 ns 
Glitch Energy 250 pV-sec 
Static Diff. Nonlinearity KSV3110-10 0.05 % 
KSV3110-9 0.1 % 
KSV3110-8 0.2 % 
Static Integral Nonlinearity 1 % 
Full Scale Output Voltage Voc=typ, Vee= typ 2.2 V 
Zero Scale Output Voltage Voc=typ, Vee = typ + 60 mV 
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MARKING SPECIFICATIONS (Ordering Information) 
The KSV3110 has three versions according to the accuracy bit (so-called precision’) of the D/A Converter, and their 
marking specifications are as follows: 


D/A Converter A/D Converter 
Marking Spec. : ; : FEET Package Temp. Range 
Accuracy Bit Diff. Nonlinearity _| Diff. Nonlinearity 


KSV3110-10 
KSV3110-9 40 DIP 0~+/70°C 
KSV3110-8 


TIMING DIAGRAM 


Clock ADC tH ty 
A/D 
*e (3) Converter 
Analog (2) oO 
te z oe ae 


Data Out 


(8) 
(2) Aperture Delay 
(3) Digital Output Delay 
(@) Data Valid (after Sample @) 
» DIA (5) Transfer Time A/D 


ot as Converter @) Total Transfer Time A/D- 
— D/A with Common Clock 
Cs) 7) Input Register Hold Time 


Input Register Setup Time 
Analog Output atl 


Fig. 3 
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PACKAGE LAYOUT 


DIA IN < 


KSV3110 


A/D OUT 


Fig. 4 


DESCRIPTION OF THE CONNECTION AND THE SIGNALS 


Teme 


Pin 1 Analog Output D/A Converter 
This pin, whose diagram is shown in Fig. 7, is the output for the processed analoy 
signal either originating from the D/A converter or from the external analog input 


Pin 38. 
Pin 2 — 5-volt Supply D/A Converter, Analog 

This pin gets the negative supply for the analog part of the D/A converter 
Pin 3 — 5-volt Supply D/A Converter, Digital 


This pin gets the negative supply for the digital part of the D/A converter. 


Digital Inputs Bit 9 to Bit 0 
This diagram of these pins is shown in Fig. 5. They are the inputs of the D/A 
converter and not-used inputs should be connected to the ground. 


Pin 14 + 5-volt Supply D/A Converter, Digital 
This pin gets the positive supply for the digital part of the D/A converter. 


Pin 15 Clock Input D/A Converter 
This pin, whose diagram is shown in Fig. 5, must be supplied with the clock signal 
for the D/A converter. 


Pin 16 Ground D/A Converter and Clock A/D Converter 
This pin serves as ground pin for the D/A converter and for the clock of the A/D 


converter. 
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DESCRIPTION OF THE CONNECTION AND THE SIGNALS (continued) 


Pin 17 — 5-volt Supply A/D Converter, Analog 
This pin is the negative supply pin for the analog part of the A/D Converter. 
Pin 18 Clock Input A/D Converter 


The diagram of this pin is shown in Fig. 5. Pin 18 is supplied with the clock of the 
A/D converter. 


Pin 19 + 5-volt Supply A/D Converter 
Via this pin the A/D converter gets its positive supply. 


Pin 20 Peak Clamping Enable Input 
Via Pin 20, whose diagram is shown in Fig. 6, the peak clamping facility can be 
enabled. 

Pin 21 Analog Input A/D Converter 


Fig. 7 is the diagram of this input. To Pin 21 is applied the analog signal to be 
converted into digital. 


Pin 22 Clamping Level Input 
Via this pin, whose diagram is shown in Fig. 6, the input of the A/D converter is 
supplied with the desired clamping level. 


Pin 23 Clamping Pulse Input ; 
Pin 23 must be supplied with the key pulse if keyed clamping is required. 
Pin 24 Analog Ground A/D Converter 


This pin serves as the ground pin for the analog part of the A/D converter. 


Pin 25 Reference-voltage A/D Converter 


This pin, whose diagram is shown in Fig. 8, is intended for connecting a 
decoupling capacitor to the A/D converter’s reference voltage, the other end of this 
capacitor to Pin 37. 


Pin 26 + 5-volt Supply A/D Converter, Digital 
This pin is the positive supply pin for the digital part of the A/D converter. 
Pin 27 to 34 Digital Outputs Bit 7 to Bit 0 


Fig. 11 shows the diagram of these outputs which supply the digitized analog 
signal in parallel 8-bit code. 


Digital Ground A/D Converter 
This pin is the ground connection for the digital part of the A/D converter. 


+ 5-volt Supply A/D Converter, Analog 
This pin is the positive supply pin for the analog part of the A/D converter. 


Pin 37 


=<" 
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Ground of Reference-voltage A/D Converter 
To this pin must be connected the ground end of the decoupling which is at Pin 25. 


External Analog Input 
The diagram of this input is shown in Fig. 10. Pin 38 serves for feeding an external 
analog signal into the output amplifier of the KSV3110 instead of the D/A-converted 

signal originating from Pins 4 to 13. 


Output Signal Switchover Input 
This pin, whose diagram is shown in Fig. 5, is intended for enabling the external 
analog signal fed to Pin 38. 


+ 5-volt Supply Converter, Analog 
This pin is the negative supply pin for the analog parts of the D/A converter. 


722 


KSV3110 LINEAR INTEGRATED CIRCUITS 


INNER CONFIGURATION OF THE CONNECTION PINS 


The following figures schematically show the circuitry at the various pins. 


____ Clamping 
Pin 21 


Fig. 5: Pins 4 to 13, 15, 18, 23 and 39, Inputs 


Fig. 6: Pins 20 and 22, Inputs 


+5V +5V 
_ O 
x 
-5V 
Fig. 7: Pin 1, Output x 


xX = protection diode 


-5V 


Fig. 8: Pin 25, Reference Voltage Pin 
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| +5V 


+—_¢@__ =) 


a Fig. 10: Pin 38, Input 
x =protection diode 


Fig. 9: Pins 27 to 34, Outputs 


RECOMMENDED APPLICATION CIRCUIT 


Voltage 
Reference 


Voltage 
Reference 


39K 
42M Digital 
560 Signal 
Processing 
+S ik 
910 


10n _5V 


Fig. 11: Operation with peak clamping 
The input signal is clamped automatically to the negative peak value. Pin 20 is connected to + 5V via a 39KQ | 
resistor, and Pin 22 (clamping level input) is connected, as desired, to zero or a voltage between — 1 and + 2V. 
The input signal is fed to Pin 21 by way of a coupling capacitor, and no key pulse (clamping pulse) is needed. 
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Voltage 
Reference 


DC Coupled @ ote 
Video Signal onverter 
Peak 
Clamping 
e@eeeeeee 
@)——€9 , 


Digital 
Signal 
Fig. 12: Operation without clamping of the input signal Processing 


Voltage 
Reference 


R-2R 

D/A 
Converter 
10 Bits 


Pin 20 (peak clamping enable input) should be opened, while Pin 23 (clamping pulse input) remains at OV. The 
input signal is applied to the analog input, Pin 21, without acoupling capacitor such that it lies between 0 and + 2V. 


Voltage 
Reference 


Clamping 


0.47p 


— tp 


/ideo Signal 
Peak 
Clamping 


oy. 


UY 


Digital 
Signal 
Processing 


mms 


—_ 
10n 
went —5V 


910 


Fig. 13: Operation with keyed clamping 


Voltage 
Reference 


R-2R 

D/A 
Converter 
10 Bits 


The input signal is applied to Pin 21 through acoupling capacitor. Pin 20 must not be connected. While the input 
signal is at the desired clamping level, a high-level is applied at the clamping pulse input, Pin 23. By this means 
the clamping switch in the KSV3110 connects the input with the clamping level at Pin 22 and recharges the coupling 


capacitor accordingly. The clamping level can be set to zero or, by means of an external voltage devider, to any 
desired value between —1 and + 2V. 
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KS58006 CMOS INTEGRATED CIRCUIT 


TONE/PULSE DIALER WITH REDIAL ie OP 


The KS58006 is DTMF/PULSE switchable dialer with a 32-digit redial | 
can be done using a slide a switch. All necessary dual-tone frequencies are 
derived from a 3.579545 MHz TV crystal or ceramic resonator providing very 
high accuracy and stability. The required sinusoidal wave form for each in- 
dividual tone is digitally synthesized on the chip. The wave form so generated © 
has very low total harmonic distortion (7% max). A voltage reference is 
generated on the chip which is stable over the operating voltage and tem- | 
perature range and regulates the single levels of the dual tone to meet telephone ee | 
industry specifications. CMOS technology is applied to this device, for very a | 
low power requirements high noise immunity, and easy interface to a variety aq 
of telephones requiring external components. 


FEATURES 


¢ Tone/Pulse switchable (slide switch). 
e 32-digit capacity for redial a . | 


e Automatic mix redialing (last number dial) of ORDERING . INFORMATION 


PULSE—DTMF with multiple auto access pause 
Package | Operating Temperature 


e PABX auto-pause for 3.5 sec. 

e 4x 4 or (2 of 8) keyboard available 
KS58006 18 DIP 
KS58006D 20 SOP 


Device 


¢ Two key single tone operation 

e Operating Voltage: 2.0~5.5V 

e Numbers dialed manually after redial are cascadable 
and stored as additional numbers for next redialing 

e Uses inexpensive TV crystal or ceramic resonator 
(3.579545MHz) 


e Make/Break ratio (33 1/3 ~ 66 2/3 or 40/60) pin selectable 


¢ Touch key hooking (604ms) 
e Low standby current 


¢ Improved EMI characteristic 
¢ Improved redial memory quality 


PIN CONFIGURATION 


-—20~70°C 


KS58 
“e KS58006D 
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BLOCK DIAGRAM 


HS M/B MDS 


© X’MUTE 


OUTPUT 


REDIAL 
MEMORY 
32 DIGIT 

OP 


CONTROL 
LOGIC 
0 Vop 


O TONE OUT 


OSC IN OSC OUT Vss 
Fig. 3 
ARRANGEMENT OF KEYBOARD TONE FREQUENCIES 
= 
rs | ese) are | 084 


948.0 


*KEYBOARD DESCRIPTION 
[HK] : HOOKING (604ms) 
[P_] : PAUSE (3.5 second) 


: REDIAL 


PSimsunig ~ 
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PIN DESCRIPTION 


Keyboard (R1, R2, R3, R4, C1, C2, C3, C4) 
These inputs can be interfaced to an XY matrix keyboard. 

C1-C4 & R1-R4 are set to low at On Hook (HS = high). C1-C4 key inputs are set 
to low and R1-R4 are set to high at OFF HOOK (HS = low) which enables the key- 
input operation. The oscillator starts running when a keypress is detected. Scanning 
signals are presented at both column and row inputs (TYP: 437Hz) until the 
input key is released. Key inputs are compatible with standard 2-of-8 form or 
single-contact keyboard. Debouncing is provided to avoid false entry (TYP: 4mS). 


Hook Switch 
This input detects the state of the hook switch contact. “Off Hook” 
corresponds to Vss condition. ‘(On Hook” corresponds to Vpp condition. 


Make/Break Ratio 
This input provides the selection of the Make/Break ratio. (33.3: 66.6/40:60) 
Mode Select Input 


when M/B is connected to Vpp/Vss. 
Pulse/DTMF mode is selected as shown in the following table 


7 
Initial Mode means the state after going Off Hook (HS “Vss”) 
INITIAL SWITCHING 
MODE ENTRY MODE 


es - 


8-9 OSC IN Oscillator Input/Output 
OSC OUT These pins are provided to connect an external 3.58MHz crystal. Oscillator 
Starts (at Off Hook) and is sustained until pulse or DTMF signals are finished. 
10-11 Vop, Vss Power 
These are the power supply inputs. The device is designed to be operated on 
2.0V to 5.5V. 
TONE OUT -DTMF Signal Output 


When a valid keypress is detected in DTMF mode appropriate low and high 
group frequencies are generated which hybrid the Dual Tone Output. 
Tone out is Off State in pulse mode. 


X’MUTE Output 


X’MUTE Output 


Normally “OFF”’ 
“ON” during pulse and DTMF dialing 


(N channel open drain) 


Dial Pulse Out 
DP: The normal output will be ‘“‘ON” during break and “OFF” during make at 
“OFF HOOK.” The output will be “OFF” at “ON HOOK.” 
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ABSOLUTE MAXIMUM RATINGS (ta=25°c) 


Supply Voltage Vop 
Input Voltage V 
Output Voltage Vo 
Output Voltage 

Tone Output Current 


Vss = Ps _ +0.3 
Vss = ORs Vop +0.3 
<=Vbp (DP, X’MUTE, MUTE) 
50 


Vooxm) 
lo (TONE) 
Power Dissipation 500 


—20~ +70 
—40~ +125 


Operating Temperature 
Storage Temperature 


ELECTRICAL CHARACTERISTICS 


(Vss = OV, Von =3.5V, fxta. = 3.579545MHz, Ta= 25°C, unless otherwise noted) 


Cee 


Characteristic 


Operating Voltage Range 


Memory Retention Voltage 


Memory Retention Current 


One key selected 
HS = Vss. All outputs 
unloaded 


Operating Current 


No key selected. 
All outputs 
unloaded 


Standby Current 


Output Current 


Input Voltage 


Input Current 


Valid Key Entry Time 


Key Release Time 
Tone Duration 


Tone Interdigit Pause Time 


—- Veo = 3.5V Viy = OV cs see 
Ri-R4 
t 


Column and Row 
Scanning Frequency 


ee a 

A 
a 
+ 

Auto Access Pause Time 

Tone Output 


dBcr 
THD 
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Ratio of Column to Row Tone 


Distortion 


Tone Output Delay Time 


KS58006 CMOS INTEGRATED CIRCUIT 


APPLICATION INFORMATION 


KEYBOARD OPERATION 


1. SINGLE MODE OPERATION 
¢ Pulse Mode Operation 


Off Hook [or] +++] on 


The pulse mode is defined by the initial mode after going Off Hook and latched at key entry. This is the condition 
under MDS = Vpp. 


¢ Tone Mode Operation 


Of Hook [or] + | on| 


The tone mode is defined by the initial mode after going Off Hook and latched at key entry. This is the condition 
under MDS = Vss. 


¢ Manual Dialing with Automatic Access Pause 


>] Le} Le)---Le| 


Multiple Pause key entries can be accepted and stored in the redial memory, each as a digit. Each [P] key provides 
3.5 seconds pause time, but the P key entry as the first digit after going Off Hook is ignored. The [+] key can also 
be used as a pause key in the pulse mode. Pause (2) can be cancelled with the [P] or [RD] key during pause time 
in redialing. 

[D] =Any numeric key. 


e Redialing 


Off Hook 


Up to 32 digits can be dialed with the key. The [RD] key is disabled while pulse or DTMF signals are transmitted. 
When more than 32 digits are stored, redial is also inhibited. 
The [#] key can be used as the key in the pulse mode. 


¢ Inhibiting Redial 


[or] ++ o 


Redial can be inhibited by depressing the key twice after DTMF or pulse signals are transmitted. 
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2. PULSE/TONE SWITCHABLE OPERATION 


e Mode Switching by MDS Input 


Pulse Mode ——— ae DTMF Mode ———4 


The pulse mode is initially defined MDS = Vpp, mode switching to the DTMF mode can be accepted by MDS = Vsg, 
the DTMF mode will be set up after the pulse mode is finished. In this mode, digits Dn+1 ... Dn+m are transmitted 
from Tone Out as DTMF signals by depressing the corresponding keys. 

If no P key is contained serially before or after mode switching, the following ccondition is obtained. 


— Pulse Mode - TMF Mode 
(Dn “ # Pause) 


If digit is depressed after the pulse mode is finished, the DTMF mode will be set up after last the pulse signal 
((Dn]) is generated. In this mode, digits {Dn + 1] ... are transmitted from Tone Out as DTMF signals by depress- 
ing the corresponding keys. If digit is depressed during dialing pulse signals. What happens? When the DTMF 
mode is set the Hold State will be set after last pulse signal Dn is finished. MDO will flash to indicate this Hold 
State - are stored in redial memory as DTMF DATA and not transmitted from Tone Out. When it is 
ready to transmit DTMF data in redial memory, the RD] or [P] key is depressed to reset this Hold State and 


- data are serially transmitted. 


an” - 
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TONE MODE TIMING (MDS =Vss) 
--| to fe 


PULSE MODE TIMING (MDS = Voo) 


HS 7 
tkr 
KEY INPUT 4 3 


k++ 
| te | tM y 
mel 00ST Lee Oh 
Fig. 5 
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TIMING DIAGRAM (for Switching Mode Operation by MDS Input) 


X’MUTE 


tpa: 3.5sec 


Fig. 6 
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KA386 LINEAR INTEGRATED CIRCUIT 


LOW VOLTAGE AUDIO POWER AMPLIFIER 


The KA386/S/D is a power amplifier designed for use in low vol- 
tage Consumer applications. The gain is internally set to 20 to 
keep the external part count low, but the addition of an external 
resistor and Capacitor between Pins 1 and 8 will increase the gain 
to any value up to 200. 


FEATURES 


¢ Battery operation. 
¢ Minimum external parts. 
e Wide supply voltage range: 4V ~ 12V (KA386) 
4V ~9V (KA386S/D) 
e Low quiescent current drain (4mA.) 
¢ Voltage gains :20 ~'200.| 
¢ Ground referenced input. 
¢ Self-centering output quiescent voltage. 
¢ Low distortion. 
e 3 kinds of package types 
KA386 (8 Dip), KA386S (9 Sip), KA386D (8 Sop) 


ORDERING INFORMATION 


Device Package) Operating Temperature 
| KA386 8 DIP 
“KA386S | 9 SIP ~ 20°C ~ +70°C 
/KA386D 8 SOP | 


BLOCK DIAGRAM 


(KA386/D) (KA386S) 
GAIN (a) C8) GAIN 
~INPUT @ BYPASS 
+INPUT - > (6)Vec 
a ave O-® OO-O—-O 
TOP VIEW GAIN —IN +IN NC GND Vo Vcc BY PASS GAIN 
Fig. 1 
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ABSOLUTE MAXIMUM RATINGS (ta=25°c) 


Characteristic Symbol Value Unit 
Supply Voltage Voc — 15 ; V 
KA386 660 
Power Dissipation KA386S P, 500 mw 
KA386D 300 
a = 
Input Voltage Vi +0.4 
Operating Temperature Topr —20~ +70 
Storage Temperature Tstc —~40~ +125 


ELECTRICAL CHARACTERISTICS 


(Ta= 25°C, Voc=6V, RL = 82, f = 1KHz, unless otherwise specified) 


Characteristic 


Test Conditions 


Vcc = 6V, THD =10% 
Output Power 

Voc =9V, THD = 10% 

Pins 1 and 8 Open 

Voltage Gain Gy 

10uF from Pin 1 to 8 | a8 | 
Pins 1 and 8 Open a 
10uF from Pin 1 to 8 Ll 


Bandwidth 
Total Harmonic Distortion 
(D-Type) 


Input Resistance 


Input Bias Current 


APPLICATION CIRCUIT 


Amplitier with Gain=50 \(34 dB) 


10K 
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MOSFET RUGGEDNESS 


Application Note 


DESIGN RELIABILITY 


PREFACE 
INTRODUCTION 


This application note discusses why and how 
MOSFET devices fail in switch-mode applications. It 
deals with the issue of ruggedness in the design of 
the device, and with system design strategies that can 
minimize the impact of MOSFET failure in the field. 


The term ‘ruggedness’ as applied to MOSFET devices 
relates to the capability of the device to resist cata- 
strophic failure under dynamic electrical stress. The 
ruggedness of the device is an indication of the 
quality and reliability of the component. 


At one time, many MOSFET failures were inexplica- 
ble, and dismissed as random. However, since failures 
continued, designers realised that recurrent failure 
patterns required investigation. Specific failure mech- 
anisms were identified that link the physics inside the 
MOSFET and the operating environment of the device. 


CONTENTS 
The note is divided into three major parts: 


Part 1 describes failure mechanisms, as they relate to 
the physics of the MOSFET in a circuit environment. 
This is the starting point for a fundamental under- 
standing of the variables in the ruggedness equation. 


Part 2 discusses ruggedness testing issues; looks at 
how the parameters are measured, and what they 
mean. 


Part 3 deals with MOSFET applications. It takes the 
information presented in Parts 1 and 2 to address 
design considerations, and the design problems 
caused by dynamic electrical stresses. It presents 
circuit design strategies that eliminate ruggedness 
related MOSFET failures in the field. 


In addition: 


Appendix A describes the design, manufacturing 
and testing techniques that Samsung uses to ensure 
that their devices meet stringent performance 
requirements. 


Appendix B lists the abbreviations used in the note. 
References lists other related reading material. 


About the author is a brief biographical profile of the 
author. 


PURPOSE 


This application note is intended primarily for design 
engineers who are using MOSFETs in power systems. 
It also contains information useful to components 
engineers and quality control staff who are respons- 
ible for qualifying and testing incoming MOSFET 
devices. 


PART 1-FAILURE MECHANISMS 


INTRODUCTION 


Ruggedness related failures in the MOSFET are 
caused by electrical stresses that occur when the 
device is used in switchmode power applications. 
These stresses come in several easily distinguishable 
forms, each capable of destroying a working MOS- 
FET, and seriously damaging the instrument in which 
the MOSFET is being used. 


To understand what these stresses are, and how they 
cause failures, we have to look inside the MOSFET. 
There we see that the device consists of many active 
cells, all in parallel and each identical in form. Figure 1 
shows the cross section of a cell in a double-diffused 
vertical MOSFET (VDMOS). (There are several differ- 
ent types of MOSFET structures, but the VDMOS 
is by far the most popular, representing about 85% of 
the devices manufactured.) Figure 1a shows the chan- 
nel open, with conventional current flowing from 


POLYSILICON 
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SOURCE SOURCE 


pa eect 7) 
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a. Channel closed 


POLYSILICON 
‘ GATE 


SOURCE SOURCE 
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b. Channel open 
Figure 1. Cross Sections of MOSFET VDMOS Cell 
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drain to source. Ruggedness issues involve only the 
closed channel or blocking state shown in Figure 1a. 


The physics of MOSFET operation lends itself to 
straightforward electrical equivalent circuits. The 
device is composed of alternating sections of ‘p’ and 
‘nN’ materials: precisely the composition of a bipolar 
(npn) transistor. The overlay in Figure 2a identifies 
the lumped equivalent circuit components. Figure 2b 
shows the lumped circuit in detail. What we have is an 
identifiable parasitic bipolar junction transistor (PBJT) 
intrinsic to the MOSFET cell structure. If this cellular 
transistor is turned on in any of the hundreds of cells, 
the entire MOSFET fails. This leads to a definition: 
ruggedness is the ability of a MOSFET to operate in 
an environment of dynamic electrical stresses, with- 
Out activating any of the parasitic bipolar junction 
transistors (PBJT). 


The dynamic electrical stresses can be subdivided 
into three distinct types: 


1. Avalanche energy injection. (Referred to in the 
text as Mode 1.) 


2. Diode recovery dv/dt. (Referred to in the text as 
Mode 2.) 


3. Static dv/dt. (Referred to in the text as Mode 3.) 


AVALANCHE ENERGY 
INJECTION—MODE 1 


In the off or blocking state, with voltage on the drain 
of the MOSFET, a small leakage current (lass) flows 
through the device. As the voltage increases, the 
current remains relatively small, until the drain voltage 
approaches the breakdown voltage (BVass) of the device. 
At this voltage level, there is a rapid increase in 
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current through the MOSFET caused by the ava- 
lanche (reverse breakdown) of the body diode. This 
is fundamental to avalanche injection energy stress, 
hence the name. 


This stress is not necessarily destructive to the device. 
Impact depends upon the size of the avalanche cur- 
rent, and the junction temperature. Both Roe and the 
forward bias level of the PBJT are temperature 
dependent. Therefore, to characterize the avalanche 
capability of the device, both the current level and the 
junction temperature must be specified. There are no 
‘wear-out’ mechanisms in the cell structure that are 
susceptible to body diode avalanche. So turning on 
the PBJT, not avalanching the body diode, is the 
major problem. 


With avalanche current passing through Robe in the 
direction shown in Figure 3, the PBJT will turn on if 
the voltage across Rbre is approximately 0.7 volts. 
When this happens, the blocking voltage capability of 
the PBJT drops from BVces to BVceo, usually allowing 
high current conduction to the point where a second 
breakdown is usually unavoidable. Breakdown is a 
certainty if BVceo is less than the applied voltage. 


Because of the poor avalanche energy capability of 
early MOSFET devices, past theory implied that 
MOSFETs were extremely prone to failure from high 
voltage spikes on the drain. After extensive research, 
we now know that they are not drain voltage sensitive, 
but rather avalanche current sensitive. In fact, recall- 
ing that the DC voltage safe-operating area (SOA) 
boundary (Vass) is set approximately 15-20% below 
breakdown (BVuass), under some prescribed condi- 
tions, which we will discuss below, operation with the 
device in breakdown is permitted. 


Figure 2. Lumped Equivalent Circuit Components 
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Figure 3. Avalanche Current Injection 


DIODE RECOVERY dv/dt 
RATING—MODE 2 


This problem is known by several names: commutat- 
ing dv/dt; di/dt; commutating safe operating area 
(CSOA); and others. 


Unlike avalanche injection, this failure mode cannot 
be directly linked to the DC safe operating area (SOA) 
curves. It is characterized by the load current con- 
duction in the body diode (BD), as required by 
freewheeling inductance loads. 


To explain the basic failure mechanism, Figure 4 
shows a circuit that provides pulse DC drive voltage 
to an inductive load. Defining the system as being 
initially at rest, turning on Q2, while Q1 remains off 
applies power to the load, causing current (IL) to 
ramp up. When Q2 turns off, current commutates 
through the body diode of Q1. 


Assuming steady state periodic application of this 


. Figure 4. DC Drive Voltage Applied to Inductive Load 


pulse drive, the timing relationship between Q1 body 
diode current, Q2 drain current, and drain voltage, 
are illustrated in Figure 5. 


When Q2 turns on at time t;, load current begins to 
commutate from Q1 to Q2. At time tz, load current is 
fully committed to Q2, and the charge is beginning to 
flow out of the body diode pn junction. This flow 
takes on the form of additional current that adds to 
the current in Q2. An interesting and important point 
is that lL remains constant over the entire switching 
interval. That is, the sum of the body diode current in 
Q1 (IL) summed with the drain current in Q2, remains 
a constant, equal to the inductive (motor) load. 


At time te, drain voltage on Q2 (Vasz) begins to fall. 
This continues at a very slow rate until ts, which is the 
peak of the reverse recovery current from the body 
diode in Q1. At time ts, the voltage across Q2 falls very 
fast. This rate of voltage change is one of the critical 
parameters, and is the dv/dt referred to in the name 
for Mode 2 stress. 


The important variables, as defined in Figure 5, are 
dv/dt, di/dt, Isp, and though not explicitly shown, T). 
Their magnitude levels determine the degree of Mode 
2 stress and whether or not the PBJT will turn on. To 
explain this, we can refer to Figure 6, which illustrates 
the circuit showing the body diode and the PBUJT. 


NOTES: 

The shaded area represents the charge, Q,, accumulated in the 
body diode pn junction. 

Ty, the reverse recovery time, is from te to tas. 

Q, and T,, tend to increase with forward current and with junction 
temperature. 


Figure 5. Timing Relationships— Reverse 
Recovery Current 
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Figure 6. Freewheeling Stage 


During the freewheeling stage, the current flows 
through the body diode in a forward sense (ls). It is 
during this time that the body diode junction estab- 
lishes a stored charge, Q,, in junction capacitance 
Cob. When Q1 is turned on, the current at first ramps 
down (di/dt) in the body diode, passes through zero, 
reverses direction as it heads up in magnitude, to a 
maximum of Ism. Note that when it passes through 
zero, the voltage drop across Rbre reverses polarity 
(Figure 7). Once again, based upon a combination of 
the above variables, if the voltage across Robe is suffi- 
cient to forward bias the PBJT, the MOSFET will fail. 


The reverse recovery time of the body diodes is 
influenced by the amount of forward current. As 
forward current increases, the charge gradient stored 
in the depletion region increases. Temperature has an 
effect on charge storage as well. As temperature 
increases, stored charge and reverse recovery times 
all increase. 


STATIC dv/dt—MODE 3 


Static dv/dt can theoretically occur whenever there is 
more than one fast switching power device in the 
circuit. Recalling that ruggedness stresses occur in 
the off stage, the active device would be the source 
of stress on the static device. 


Characterized by displacement current through Cep 
(Figure 8), as voltage slews (dv/dt) at the drain, a 
current is induced through Ccb: 


i = Cop - dVas/dt. 
For any given MOSFET cell structure, there exists a 
current level, generated in this fashion, that will create 


a voltage across Rbe greater than approximately 0.7 
Volts, a deadly situation for a power MOSFET. 


Figure 7. Reverse Recovery Current 


An empirically based equation for Samsung SFETs 
Operating at a T; of 100 deg. C, can be approximated 
by: 

Vas/NS = .35Vags +10 
where ns = nanoseconds, and Vas = breakdown 
voltage rating of the SFET. 


Example: 


Samsung device IRF320 


Vass = 400 Volts 
Vas/NS = (.35:400) + 10 = 150 volts/ns 


Note that the switching speeds required to cause this 
type of failure are extremely fast, and are not normally 
seen in practical switching applications. Therefore, 


Figure 8. Typical MOSFET Circuit Showing 
Displacement Current through C.»p 
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although initially thought to be the primary failure 
mode, this type of failure is now one of theoretical 
interest, rather than practical concern. For this 
reason, the balance of the application note is limited 
to a discussion of Mode 1 and Mode 2 failures only. 


PART 2—RUGGEDNESS TESTING 
INTRODUCTION 


At the time of writing, power semiconductor manu- 
facturers have not officially adopted a set of Rugged- 
ness Test Standards. There is still much discussion 
about what should be tested, how it should be tested, 
and what the resulting test data mean. The forum for 
this dialog is the JEDEC, JC-25 Committee. 


Two tests seem to be gaining acceptance however: 
e Unclamped Inductive Switching (UIS); 
e Diode recovery dv/dt. 


The tests establish screening levels and design limita- 
tions for Mode 1 and Mode 2 stresses. The following 
sections discuss these important tests in detail, and 
list test data for some representative Samsung SFETS. 


UNCLAMPED INDUCTIVE SWITCHING 
(UIS) TEST METHOD 


Purpose 


UIS testing was conceived as a method for setting 
the parameters for safe avalanche energy stress 
levels. The test records the level of energy (Esp) and 
the peak current (l,) that the device under test (DUT) 
can withstand without failing. 


Early use of this test placed an emphasis on the 
energy capability of the device. However, because it 
was determined that the test was not related very 
strongly to inductance, the idea of energy capability 
was dropped in favor of unclamped inductive switch- 
ing (UIS). This notion was supported by research at 
the National Bureau of Standards by D. Blackburn 
(Reference No. 1). 


Test Description 


The test circuit (Figure 9a) consists simply of a 
power source (Vga), inductor (L), and the MOSFET 
being tested, referred to as the device under test 
(DUT). The waveforms shown in Figure 9b, reveal the 
dynamics of the test. 


A pulse (Vg) applied to the gate of the DUT turns the 
device on for a predetermined time. With the device 
on, drain current ramps up to test current level (Ip). 
When V, returns to zero, the channel resistance in 
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Figure 9a. UIS Test Circuit 


Figure 9b. UIS Test Timing Dynamics 


the DUT jumps in a step fashion to a very high level, 
causing a flyback voltage effect on the inductor. The 
flyback voltage is limited by the breakdown voltage of 
the body diode thus clamping the voltage across the 
inductor. The time in avalanche is set by the inductor, 
as the volt seconds of the applied voltage must be 
balanced by the volt seconds in reset. That is: 


Vi +t: = (BVass-Vaa) * te 
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Table 1. UIS Test Parameters 


Symbols 
Parameters Single Repetitive Units 
Avalanche Current las lar Amperes 
Avalanche Energy Eas Ear Millihenries 
Source Voltage Vad Vad Volts 
Junction Temperature T; (max) Tj (max) Degrees Centigrade 


The test may be done as a single event or repetitively. 
The parameters used in specifying the UIS test 
method are shown in Table 1. 


Figure 10 shows seven devices that were stressed to 
current levels just shy of avalanche failure. Increasing 
only the inductance, thus increasing the energy, did 
not cause the devices to fail initially. For example, a 
device tested with a 100uh inductor had a failure 
threshold of four amperes. Taking the same MOSFET 
and testing with a 500uh inductor showed that the 
device still had a failure threshold of four amperes 
indicating that the critical parameter is avalanche 
current (la) and not energy (Eas). Continued increases 
in the inductance eventually led to failure at the four 
ampere level, but this was caused by increased 
junction temperature, owing to extended time in 
avalanche. 


The influence of junction temperature on UIS testing 
is profound. Increases in Rre and decreases in Vbe 
tend to reduce the turn on immunity of the PBJT (1). 


Figure 10. Comparative Avalanche Failure Thresholds 


Acknowledgements to D. Blackburn 


Figure 11 shows the results of data collected on four 
devices that were stressed to a point just shy of 
destructive avalanche. Establishing a baseline at a 
junction temperature of 25 degrees Centigrade for 
Critical avalanche current, we observed that as the 
junction temperature increased, the critical avalanche 
current level went down. 
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Figure 11. Comparative Avalanche Failure Test Data 
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Test Data 


Data collected from extensive UIS testing of 
Samsung’s MOSFETs establishes the dynamic safe 
operating area of the devices for Mode 1 stresses. 


Conclusions 


The conclusion to be drawn from UIS testing is that 
avalanche energy injection failure is a function of 
peak current and junction temperature, and not a 
direct function of inductance or energy, as was 
Originally thought. Inductance does influence ava- 
lanche energy capability, in that it increases junction 
temperature because of the longer reset time required 
for higher inductances. 


DIODE RECOVERY dv/dt TEST METHOD 
Purpose 


The diode recovery dv/dt test method is aimed at 
characterizing the MOSFET’s ability to withstand 
Mode 2 dynamic electrical stresses. As with the UIS 
test method, the official details of the test are still to 
be ironed out by the JEDEC, JC-25 Committee, but 
the essential features as described below are gaining 
acceptance. 
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Figure 12. Diode Recovery dv/dt Test Circuit 
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Figure 13. Timing Relationships for dv/dt Test 


Test Description 


The test circuit shown in Figure 12 is very straight- 
forward. Using a 10 Volt power supply, two pulses 
(Figure 13) of preset duration and spaced at preset 
time intervals are applied to the gate of the driver 
MOSFET. The first pulse lays the ground work for 
application of Mode 2 stress by establishing current in 
the inductor to a specified peak level. During the 
delays between pulses the current commutates from 
the driver to the body diode of the DUT, and allows 
charge in the junction of the body diode to reach 
equilibrium. Application of the second pulse then 
establishes the reverse recovery dv/dt stress. 


The forward current on the DUT body diode, Isa, is 
controlled by the duty cycle of the PWM. The duty 
cycle is defined by the ratio of ‘on’ time divided by the 
‘on + off time. Temperature is independently con- 
trolled by external ambient regulation. Table 3 sum- 
marizes the test parameters. 
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Table 3. Diode Recovery dv/dt Test Parameters 


Symbol Name Unit 
dv/dt dv/dt volts/ns 
di/dt di/dt amps/us 

ls Body diode forward Amps 
conductive test 
current. 
Tj Junction °C 
temperature 
Test Data 


A large sample of Samsung’s MOSFETs was tested 
using this method, and the data collected establishes 
the ‘safe’ level of Mode 2 stress that can be applied to 
these devices. Table 4 provides a summary of the data. 


Table 4. Samsung’s SFET Diode Recovery 
dv/dt Ratings 


Peak dv/dt___ di/dt loa Tj 
Device V/ns Aus A deg. C 
IRF510 5.4 80 5.6 150 
IRF710 4.2 45 2.0 150 
IRF520 5.5 120 9.2 150 
IRF720 af 60 a0 150 
IRF820 a 55 25 150 
IRF530 5.8 145 14.0 150 
IRF730 4.2 95 55 150 
IRF830 3.4 80 45 150 
IRF540 5.3 165 28.0 150 
IRF740 43 115 10.0 150 
IRF840 3.7 95 8.0 150 
IRF450 3.2 135 13.0 150 
IRF640 5.0 150 18.0 150 


Conclusions 


There are four application variables that can contri- 
bute to Mode 2 MOSFET failure: di/dt, dv/dt, t) and Isa. 
This test establishes upper boundaries that must be 
applied simultaneously to the MOSFET to eliminate 
fear of turning on the PBUJT. 


The crucial parameter, dv/dt, is controlled by the gate 
driver resistor, Rg. Although it appears in Figure 13 as 
a constant, close observation on the oscilloscope 
reveals that it is not. The peak dv/dt value is the 
measurement of most interest and this occurs approx- 
imately midway in the switching interval. 


The circuit layout considerations are more critical for 
this test than for the UIS test, making the method 
test-set sensitive. Important design and layout con- 
siderations are: 


Comments 
Peak dv/dt applies to drain 


Usually set at DC current rating of 
MOSFET drain current. 


Usually set at a maximum junction 
temperature. 


e Keep stray inductance to a minimum. 
e Use ground plane. 


e Keep leakage inductance very low for the current 
transformer. 


PART 3—APPLICATIONS 
INTRODUCTION 


The design engineer's goal when using MOSFET 
devices, is to design the devices into a circuit in such 
a way that ruggedness related failures are eliminated. 
This section provides representative application 
examples, from which the engineer can extrapolate 
to solve specific design problems. 


Before we start, we should review some major sim- 
plifying assumptions associated with MOSFET rug- 
gedness failure mechanisms: 


e Such failures occur only in switch-mode 
applications. 


e They occur only when the device channel is in the 
off or blocking state. 


e We are concerned only with Mode 1 and Mode 2 
stresses. 


e Only one type of stress (Mode 1 or Mode 2) will 
be significant in any one application. 


APPLICATION #1—FLYBACK 
POWER SUPPLY 


Transformer leakage inductance combined with pri- 
mary switching current form a reservoir of energy that 
must go somewhere when it is released. For a flyback 
design, this means that the MOSFET will absorb this 
energy unless some snubbing or clamping circuit is 
added. Absorption will occur on every cycle. In some 
applications, depending on the peak current and the 
magnitude of the leakage inductance, the MOSFET, if 
sufficiently rugged, may absorb all the avalanche 
energy. This is because, as was pointed out earlier, 
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Mode 1 capability is based on peak current and junc- 
tion temperature. Beyond this, no destructive 
mechanism is involved. 


The flyback power supply (discontinuous mode), and 
its switching waveforms, are shown in Figures 14 and 
15. Lp is the primary inductance, while L1 is the 
leakage inductance. 


The stress that may cause failure occurs during turn- 
off. As described in the UIS test method, when a 
MOSFET switches from on to off, the gate does not 
have control of the drain current. The electrical inertia 
of the inductor makes it look like a constant current 
source. The gate does, however, have control of the 
channel impedance, and, as the gate voltage goes 
down and the channel impedance skyrockets, there is 
an immediate and rapid change of voltage across the 
MOSFET. As the voltage goes up, energy is taken 
from the inductive load and dissipated in the MOSFET. 
The rate of energy absorption determines the rate of 
change of current, setting the voltage across the 
inductor. 


This voltage is a snubberless, clampless, flyback 
Circuit, does not go unbounded, as the body diode 
will avalanche at BVass. If the energy and the temper- 
ature of the device are low enough, there may be no 
need for additional energy absorbing circuitry. 


Figure 16 shows what the load line looks like for a 
naked (no snubber) MOSFET in a flyback circuit. 
Turn on (path abc) is benign. Turn off (path cdea) 
forces the MOSFET outside the DC safe operating 
area, as it absorbs the magnetic energy stored in the 
leakage inductance of the transformer. The cross- 
hatched area is the energy absorbed by the MOSFET. 


Figure 14. Flyback Power Supply Circuit 
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Figure 15. Timing Relationships for 
Power Supply Circuit 


Example for Flyback Power Supply 


Application Parameters 


(Lei) Primary Leakage Inductance 50 whz 

(Ip) Peak Avalanche Current 2 Amps 

(Dc) Maximum Duty Cycle ae 

(f) Switching Frequency 100 Khz 

(Va) Input DC Rail Voltage 200 V 

(Te) Heat Sink Temperature 60 deg. max. 


Selected MOSFET—IRF820 Specifications 


DC Ratings Ruggedness Ratings 
BVass 500 V Eas 210 mj 
Ras (On) 30 las 25A 
Ig 2.5A L 17 mhy... 


Réic 3.12°C/w - 100 °C 


_--— LEAKAGE 
INDUCTANCE 
ENERGY 


Figure 16. Load Line for MOSFET 
in a Flyback Circuit 
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When comparing the application parameters with the la, 
and Inductance ratings of the IRF820, we see that the 
IRF820 satisfies requirements in these two areas. 
Calculating the E., Stess Level 
Repetitive Avalanche Energy = % Ip°L 

= %(2)?(50X10-°) = 1 mj 
Again the IRF820 satisfies application requirements in 
terms of Ea. The remaining task is to verify that the junc- 
tion temperature is below 100°C. 


Calculating Junction Temperature T, 


(1) 


a - . e Switching Avalanche 
Losses Losses 
(2) 
Tj = Te + Rove Pr 
Calculating Irus 
= To - 2 = 
lI;nms = IpK 3T (3)10 = 51 
Calculating Rosion) Losses 
Prosiow = Iams’ Rosiow Rosn = .8 Rosn 
Calculating Switching Losses 
Vos (Ip * tsw) f 
Psw = = 
200 (2) - (.5 x 10°°) 10° 
2 ee SF TW 


2 
Calculating Avalanche Losses 
Pa = % |,” Li f = % (50-10°°) 10° = 10 WATTS 
REWRITING EQUATIONS 
1") 
Pr = .8 Rosn + 20 
(2") 
Ty = 60 + (3.12) (Pr) 
Solving Equations (11) & (21) Graphically 
Guess Rosn = .75 Implies Ty = 123°C 
Guess Rosn = 1.5 Implies Ty = 124°C 


P,: 123°C, .75 
P2: 124°C, 1.5 


Rosion, DRAIN-TO-SOURCE ON RESISTANCE 
(Normalized) 


T,, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


There is no graphical solution. This implies an unstable 
thermal situation for the IRF820. We will upsize the 
MOSFET to an IRF830 and recalculate. 


Selected MOSFET Specifications IRF830 


DC Ratings Ruggedness Ratings 
BVass 500 V Eas 280 mj 
Ras (on) 1.50 las 45 A 
lg 4.5A L 150 phy 
Réjc 1.67° C/w Ty 100 °C 


Recalculate Equations (11) & (2") 
(17) 

Py = (.51 
(21) 

Ty = 60 + 1.67 (Pr) 


Guess Rosn = .75 Implies Ty = 93.88°C 
Guess Rosn = 1.75 Implies Ty = 945°C 


)2(1.5)Rosn + 20 = .39 Rosn + 20 


af DERE 
Sean 


Jee 
PT | TA 


P,: 94°C, .75 
P2: 94.5°C, 1.75 


Lat tt tt 
tt tte 


lo = 2.5A 


Rosiow, DRAIN-TO-SOURCE ON RESISTANCE 
(Normalized) 


T,, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Solution is Tj = 94.4°C. This is a stable solution thermally 
as well as satisfying the ruggedness requirement that Ty 
be less than 100°C. 


APPLICATION #2 — 
PUSH PULL POWER SUPPLY 


Push-pull power supplies are very popular for high 
density power applications, owing to the favorable 
transformer utilization. Careful layout is important, 
as any stray inductances tend to extend the duty 
cycle to maintain power to the load. 


A typical circuit is shown in Figure 17. Note that the 
stray inductances between the secondary transformer 
and the diodes are multiplied by the square of the 
turns ratio. 


As in the case of the flyback, the stress considera- 
tion in this circuit involves the leakage inductance 
between the primary and secondary transformer 
windings. The MOSFET will not see the full impact 
of the energy stored in this inductance, since part of 
the energy is dumped back into the power source, 
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Figure 17. Push Pull Power Supply Circuit 


through the body diode of the second MOSFET. The 
energy absorbed, therefore is determined by the 
concatenation of first the leakage inductance from 
primary to secondary transformers, and then the 
leakage inductance between primary windings. 


Assuming transistor Q2 is switching from on to off, 
the choke L in the secondary will swing one end to 
a diode drop below ground, thus shorting the sec- 
ondary. The primary mutual inductance is thus 
shorted, leaving the MOSFETs to deal with the 
leakage inductance. If there is no coupling between 
primary windings, Q2 has to deal with the leakage 
inductance in the form of avalanche energy. 


The bulk of the energy however is clamped by the 
body diode in Q1. Using the equation V = L ~ di/dt, 
where V is input voltage, and knowing the leakage 
inductance (L), the time it takes for the energy to be 
removed, or in other words for the current to reach 
zero, can be approximated. To avoid diode recovery 
dv/dt problems, it is best to set a minimum dead 
time. Usually this is not a major issue, but is worthy 
of a look. 


Example for Push Pull Power Supply 
Application Parameters 


(Ld2) Primary to Primary 


Leakage Inductance = 10 phy. 
(Ld,) Primary to Secondary 

Leakage Inductance = 100 phy. 
(1p) Peak Primary Current = 10 Amperes 
(DC) Maximum Duty Cycle = .45 
(f) Switching Frequency = 70 Khz 
(Vo) Input DC Rail Voltage = 28 VDC 
(T-) Heat Sink Temperature = 60°C max. 
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Selected MOSFET—IRF530 Specifications 


Ruggedness 
oe naungs (Avalanche) Rating 
BV ass 100 V Eas 69 mj 
RDScon 180 las 14 A 
la 14A T; 100 °C 
Reéic 1.67° C/W L 60 why 


When comparing the application parameters with the la 
and L ruggedness ratings of the IRF530, we see that the 
IRF530 satisfies requirements in these two areas. 

Mode 2 Stress Consideration: 

With a primary to secondary leakage inductance of 100 
thy, and peak current of 10 amperes, the energy stored in 
the core is: 


Ye l2L = %(102) (104) = Smj 


Calculating the E,, Stress Level 

This energy will be returned to the supply by virtue of the 
body diode of the alternate transistor. This MOSFET (with 
body diode conducting) will not suffer from diode recov- 
ery dv/dt since the next event turns this MOSFET on and 
thereby precludes Mode 2 stress. Therefore we only have 
to deal with Mode 1 stress. 


Mode 1 Stress Consideration 


With peak current of 10 amps, the leakage inductance 
(primary to primary) of 10 why, the IRF530 is adequate. We 
must only verify that the junction temperature is below 
100°C. 


Calculating Junction Temperature T; 
(1) 
, Switching 


Pr = lnws* R R 
T RMS DS(on) DSN Losses 


(2) 
Tj = Te. + Réjc Pr 
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Referring to figure below, we can calculate the RMS 
current of the pulsed primary waveform as follows: 


Calculating Irnus for Primary Current 


2 
2 lo he 
lnms = Ipk” - Ipx lo “3 


T 


(8)2\ .45 
(1° - 10(8) as — = 4.31 Amps 


CURRENT 


Assuming a clamped inductive switching waveform of 
turn-on and turn-off times of 500x10™° seconds, we can 
calculate the switching losses, 


Calculating the Switching Losses 
7 Vos Ip (tS: + tS2) fs 


Psw = 6 
_ (28) (10) (.5+.5) (107°) (70x108) 
: 6 
= 3.2 Watts 


Substituting into the above equations, we have, 
(1") 

Pr = (4.31)2(.18)Rosn + 3.2 
(21) 

Ty = 60 + 1.62 (Pr) 


Combining equations, 
Ty = 60 + 1.62 [(4.31)2(.18) Rosn + 3.2] 
= 65.18 + 5.41 Rosn 


Guess Rosn = 45 Implies Ty = 69°C 
Guess Rosn = 1.5 Impiles Ty = 86°C 


P,: 69, .75 
P2: 86, 1.5 


Rosion, DRAIN-TO-SOURCE ON RESISTANCE 
(Normalized) 


T,, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Plotting these two points shows the device to he operating 
at a junction temperature of approximately 85*C, there- 
fore from a ruggedness point of view, snubbers are not 
required. 


APPLICATION #3— 
BUCK REGULATOR 


Figure 18 shows a simplified schematic of a buck 
regulator. This particular topology raises no rugged- 
ness issues for the circuit designer. 


There is no exposure to Mode 1 stress, since the 
switching MOSFET is not working into the primary of 
an isolation transformer, and there is thus no leakage 
inductance. 


Mode 2 stress need not be a concern, since the body 
diode of the MOSFET does not conduct over the 
switching cycle. 


Figure 18. Buck Regulator Circuit 


APPLICATION #4 — 
SWITCHMODE MOTOR CONTROL 


The most popular circuit architecture for switchmode 
motor control is the H-Bridge driver shown in Figure 
19. This surprisingly simple circuit is capable of con- 
verting a ground-referenced DC source to a polarity- 
reversing voltage driver as required for either DC or 
AC motor control. Peak output voltage is limited by 
the DC rail, less the voltage drop through the bridge. 
Switching frequencies can vary, but with trends 
toward lower armature inductances, high frequencies, 
e.g. 100 kHz, are commonplace. 


For switchmode motor control, we must consider 
dv/dt stress. Relative to the switching time of a PWM 
cycle, the motor current looks like a constant current 
source requiring a path during the off (freewheeling) 
power phase. Unless additional circuitry is added, this 
path will include the MOSFET body diode, as dis- 
cussed in Part 1, when the complementary MOSFET 
is subject to the “reverse recovery dv/dt,” dynamic 
stress. 
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Parameter #4: Isa 
This is the body diode current during the free- 
wheeling phase. It is easy to determine, as this is 
set by the peak load current in the motor or 
inductor. 


EXAMPLE OF MOTOR CONTROL APPLICATION 


The example describes the design of H-Bridge motor 
drives for a .4 KVA motor load, working from a DC rail of 
140 volts. The case temperature will be 50°C maximum. 
Figure 19 shows the H-Bridge driver circuit. Assume a 
unipolar, PWM drive working at a frequency of 40 kHz, as 
shown in Figure 20. Because of the 28 ampere peak 
requirement for the body diode, we will require two 
devices in parallel. To determine the junction temperature 
we must calculate the following: 


Application Parameters 


(Ir) Peak Motor Current 28 Amperes 

(Va) Input DC Rail Voltage 140 Vdc 

(Tc) Case Temperature (max) 50°C 

(DC) Maximum Duty Cycle 71 

(fs) Swtiching Frequency 40 kHz 

(di/dt) Diode Commutation Rate to be measured 

(do/dt) Maximum Rate of Change of 

Drain Voltage to be measured 

Figure 19. H-Bridge Driver Circuit (Isa) Body Diode Current (max) 28 Amperes 


Diode recovery dv/dt is a multi-dimensional problem, 
difficult to characterize for design optimization. Data 
is available, however, to ensure safe operation by HE 
defining the upper limits of the Mode 2 stress para- ! AH E Pie ASL ED 10 
meters. The key parameters with which we must : t. = 40khz 
comply to make sure that the PBJT will not be 

activated during the reverse recovery phase are: 


é 

ene 
she 
she 
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sae 
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Parameter #1: T; MOTOR VOLTAGE 
This is the junction temperature of the MOSFET. It PHASE A — 
is controlled by the ambient temperature, heatsink- 
ing, and internal power dissipation (gate losses, 
leakage losses, switching losses, Ras (On) losses, Te Qtr on 
and body diode losses). Determining Tj is a as, 03 OFF Gs, Os, Ga OFF 
straight-forward calculation. aia oh Se oe 


Parameter #2: di/dt 
This is the rate of change of current in the body 
diode as it goes from forward conduction to reverse 
conduction. It is influenced by temperature, for- 
ward current, circuit inductances and by the turn- Because of the 28 Ampere peak requirement for the body 


on characteristics of the complementary transistor,  9!04 we will require two devices in parallel. 
This is not easily calculated and thus requires Selected MOSFET(s) SPECIFICATION IRF640 


circuit measurement and experimentation. Ruggedness Reverse 
ice eerie Recovery du/dt Rating 
Parameter #3: dv/dt 


Figure 20. Example of PWM Drive 


This is the peak rate of change of voltage across Vass 200 V dv/dt 5 V/ns 
the MOSFET as it recovers from peak reverse Ros (on) 18Q Isa 18 A 
current. Similar to di/dt, this parameter requires lo bia di/dt i ns 
measurement and experimentation. Rec ~— Taman Lendl 
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Calculating Junction Temperature T, 


(1) 


Body tnhi 
Switching 
= |2 
Pr = l@ams Rosiom Rosn + Diode + Losses 
Losses 


(2) 
Tj = Te + Rose [Pt] 
where: 


Iams = ye 4.9 Amperes 
(per MOSFET) 2 \(ve)( 2 — 


Rosion) = .12Q 


Calculating Body Diode Losses 
Ppp = Irnms (Vsp) = 4.9 (1.5) = 7.42 WATTS 


Assuming a clamped inductive load type switching (figure 
21.), we can calculate the switching losses. 


INSTANTANEOUS 
POWER 


Figure 21. Clamped Inductive Load Switching 


Calculating the Switching Losses 


Vos (Ib: ts: + Ip2 ts2) fs 
Pay = Se 


_ (140) (14) (300-10) (40-103) 
2 


14 WATTS 
Substituting into above equations, we have, 
a 
Pr = (4.9)2(.12)Rosn + 7.42 + 14 
(2') 
Ty = 50 + (1) Pr 
Combining equations, 
Ty = 50 + (4.9)2(.12) Rosn + 21.42 = 71.42 + 2.88 Rosn 


Solving graphically by using the Rosn curve for the IRF640 


Guess Rosn = .75 Implies Ty = 73°C 
Guess Rosn = 1.5 Implies Ty = 75°C 


Rosion, DRAIN-TO-SOURCE ON RESISTANCE 
(Normalized) 


T,, JUNCTION TEMPERATURE (°C) 
Normalized On-Resistance Vs. Temperature 


Figure 22. Gate Drive Control 


Therefore worst case Ty is approximately 74°C. Thus the 
junction temperature complies with the ruggedness rating 
of the MOSFET. 


Therefore junction temperature is in a safe and stable 
zone. In addition, Isa is within the Mode 2 stress limits for 
the IRF640. The remaining task is to measure di/dt and 
dv/dt to ensure compliance. 


If the dv/dt is measured to be greater than 5v/ns, it must 
must be reduced. The most straightforward method 

for reducing the dv/dt is to add series resistance in 
the gate drive circuit as shown in Figure 22. Proper opera- 
tion of the H-Bridge requires good electrical symmetry. 
Therefore as resistance is added to one leg, the same 
resistance should be added to the other legs. The penalty 
for slowing the switching speeds is higher losses. There- 
fore a recheck of switching losses should be examined. 
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Once the dv/dt level has been adjusted to less than 
5v/ns, the di/dt specification limit of 150 A/ns should 
be checked. If found to be too high, it too can be 
reduced by adding more gate resistance. If this is not 
satisfactory because of excessive switching losses, some 
small inductance (100-400 nhy) could be added to the 
source connection. 


APPENDIX A 
RUGGEDIZING THE MOSFET 


Producing a rugged MOSFET device is a function of: 
e Device design; 

e Manufacturing techniques; 

e Device testing techniques. 


DESIGN 


In the design cycle, there are several factors that go 
into making a rugged device. The most important of 
these is the minimization Of Rbe. In Figure A1, we 


{LLL 
(EF 


Figure A1. Cross Section of a 
Ruggedized MOSFET Cell 


Figure A2. PBJT Base Emitter Circuit 


show a cross section of a partial cell. The cross- 
hatched area represents the source metalization. The 
body region in this N-channel MOSFET is P doped. 
The P+ indicates a higher doping concentration and 
therefore higher conductivity. The N+ region, which 
forms the emitter region of the PBJT and also serves 
as part of the MOSFET channel, is shorted to the 
body region by source metalization. 


Looking at the various materials in the cell, we can 
partition the PBJT base emitter circuit into a number 
of different resistors, as shown in Figure A2. Rm, the 
metalization resistance, is negligible, and therefore 
not important. Rp+, on the other hand is one of the 
major improvements in ruggedization. This reduces 
Rbe Substantially, and adds an order of magnitude to 
the ruggedness of the MOSFETs. R, is determined by 
the resistivity of the material, the length ‘1’ of the cell, 
the thickness and width of the P part of the body 
region. Increased cell density tends to reduce 1 and 
therefore reduce Rp. 


Although the resistance of R,n+ does not affect the 
point at which the PBJT turns on, increasing the value 
of Rn+ introduces feedback into the base circuit, tend- 
ing to lower the gain of the PBJT circuit. There may 
be situations where this may prevent catastrophic 
failures. Increasing Rn+ has a price, as Ras (on) 
increases proportionately. Therefore, this is another 
optimization process on the part of the MOSFET 
manufacturer. 


The deep P+ well has an influence on ruggedness. 
Since it is heavily doped, the depletion regions are not 
as deep as those associated with the P region. This 
tends to make the body diode avalanche, in contrast 
to the collector base junction of the PBUT. 


To improve the reverse recovery time characteristics 
of the MOSFET, the manufacturer of the device must 
decide on the resistivity levels of the p and n material. 
As the resistivity is increased, there is a tendency 
towards lower stored charge (Qr,) levels, and re- 
duced recovery time. These factors have to be 
carefully evaluated as the price for these improve- 
ments is increased Ras (On) as well as Roe. 


MANUFACTURING 


Good process control and techniques are as impor- 
tant to the ruggedization process as good design. If 
the manufacturing process is flawed, one weak cell 
out of the thousands in the component, can render 
the entire chip weak. Thus poor mask alignment, with 
the resulting lack of cell definition can offset the 
optimized cell design. Similarly, doping levels must be 
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consistently controlled over the entire active area of 
the chip, or temperature gradients will develop, caus- 
ing local hot spots. 


Samsung’s SFETs are now in the fourth generation 
HDMOS technology. This exclusive HDMOS process 
employs CMOS local oxidaton and ion implantation 
techniques to minimize these concerns and provide 
higher wafer yields. 


TESTING 


Samsung Semiconductor uses UIS testing on all 
MOSFETs. This rigorous screening for ruggedness, 
ensures that devices likely to cause user problems in 
the system design phases are weeded out before they 
can hit the field. 


APPENDIX B— 
LIST OF ABBREVIATIONS 


BD Body Diode 


BV ceo Bipolar transistor breakdown voltage 
with base open 
BV ces Bipolar transistor breakdown voltage 


with base shorted. 
View Maximum DC drain-to-source voltage 


BVass Drain-to-source breakdown voltage 

CSOA Commutating Safe Operating Area 

Cob Collector to base junction capacitance 

DUT Device Under Test 

Ea Repetitive avalanche energy 

Eas Single pulse avalanche energy 

| Current 

lar Avalanche Current 

lass Zero gate voltage drain current 

Is Body diode forward current rating 

Ism Peak diode peak reverse recovery current 

JEDEC Joint Electronic Device Engineering 
Council 

MOSFET Metal Oxide Semiconductor Field Effect 
Transistor 

PBJT Parasitic Bipolar Junction Transistor 

PWM Pulse Width Modulator 

Qn Reverse recovery charge 

Roe Base spreading resistance 

SOA Safe Operating Area 

Tj Junction temperature 

UIS Unclamped Inductive Switching 

VDMOS _ Vertical double diffused MOSFET 

Vas Voltage drain-to-source 

di/dt Rate of change of drain current 

dv/dt Rate of change of drain voltage 

mj Millijoule 

n Negatively doped 

p Positively doped 
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INTRODUCTION 


The KA34063A is a monolithic switching regulator subsytem consisting of many active 
building blocks necessary for use as dc to de converters. It represents a significant adva- 
ncement in the ease of implementing highly efficient and yet simple switching power supp- 
lies. 


THE LINEAR POWER SUPPLY Vs THE SWITCHING POWER SUPPLY 


The linear power supply is already a mature technology, which has been used since the 
dawn of electronics. Whether this type of power supply incorporates tubes or semiconduc- 
tors, its construction and operation are essentially the same. 


"Isolation | ' Rectifiers Series-pas 
ac———s power ——-s and t Vout 
|transformer, ___ filter | scale 
Feedback 
Vret and 


control 


FIGURE 1—1 Block diagram of a series-pass regulated linear power supply 


Fig. 1-1 shows the simplified block diagram of a series pass linear regulated power sup- 
ply. In this type of power supply, a low frequency, 50 or 60Hz transformer is used to step 
down the ac mains to a lower voltage of the same frequency. This secondary voltage is in 
turn rectified and filtered, and the resulting dc is fed into a series-pass active element. 

By sampling a portion of the output and comparing it to a fixed reference voltage, the 
series-pass element is used as a form of “variable resistor” to control and regulate the 
output voltage. However, this mode of operation dissipates a large amount of power in the 
form of heat, consequently lowering the efficiency of the power supply to 40 or 50 percent. 
Although the linear power supply in general has a tight regulation band along with very 
low output noise and ripple, the disadvange are obvious. As we mentioned, because of its 
low efficiency, usually bulky and expensive heat sinks and cooling fans are needed, and 
large isolation power transformers are used to step down the ac input voltage. Hence, this 
type of power supply tends to be bulky,heavy,and almost unfit for today’s compact electronic 
systems. Other disadvantages of the linear power supply are it relatively narrow input 
voltage range, normally +10 percent, and its very low output hold up time, about 1ms. 

The disadvanges of the linear power supply are greatly reduced or eliminated by the 
regulated switching power supply. 
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Rectifiers Isolation: 
and power 
filter | Letement | transformer} | 


Feedback 
and 


| control 
Vret 


FIGURE 1—2 The basic off-the-line switching regulated power supply. 


Fig 1-2 shows a simplified block diagram of a high-frequency off-the line switching power 
supply. In this scheme, the ac line is directly rectified and filtered to produce a raw high- 
voltage dc, which in turn is fed into a switching element. The switch is operating at the high 
frequencies of 20KHz to 1MHz, chopping the dc voltage into a high-frequency Square wave. 
This square wave is fed into the power isolation transformer, stepped down to a predeter- 
mined value and then rectified and filtered to produce the required dc output. A portion of 
this output is monitored and compared against a fixed reference voltage, and the error 
signal is used to control the on-off times of the switch, thus regulating the output. Since the 
switch is either on or off, it is dissipating very little energy, resulting in a very high overall 
power supply efficiency of about 70 to 80 percent. Another advantage is the power transfo- 
rmer size which can be quite small due to high operation frequency. Hence the combination 
of high efficiency (i.e, no large heat sinks) and relatively small magnetics, results in comp- 
act, lightweight power supplies. Coupled with very wide input voltage range, 90 to 260Vac, 
and very good hold-up time, typically 25ms, the switcher has become the choice for elect- 
ronic system designers. Of course, there are certain disadvantages associated with the 
Switching power supply, such as higher output noise and ripple, EMI/RFI generation, and 
higher design complexity. However, with careful design these problems may be greatly 
reduced or eliminated. 
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OPERATION PRINCIPAL OF DC to DC CONVERTER 


Vin 7 Vout 


Linear Control 
Signal 


FIGURE 2—1 Step-Down Linear Regulator 


In order to undersand the difference in operation between linear and switching regulators 
we must compare the block diagrams of the two step-down regulators shown in Figure 2. 
The linear regulator consists of a stable reference, a high gain error amplifier, and a vari- 
able resistance series-pass element. The error amplifier monitors the output voltage level, 
compares it to the reference and generates a linear control signal that varies between two 
extremes, saturation and cutoff. This signal is used to vary the resistance of the series-pass 
element in acorrective fashion in order to maintain a constant output voltage under varying 
input voltage and output load conditions. 


Vin C e Vout 


Digital 
fA Control Signal 


FIGURE 2—2 Step Down Switching Regulator 


The switching regulator consists of a stable reference and a high gain error amplifier 
identical to that of the linear regulator. This system differs in that a free running oscillator 
and a gated latch have been added. The error amplifier again monitors the output voltage, 
compares it to the reference level and generates a control signal. If the output voltage is 
below nominal, the control signal will go to a high state and turn on the gate, thus allowing 
the oscillator clock pulses to drive the series-pass element alternately from cutoff to satu- 
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ration. This will continue until the output voltage is pumped up slightly above its nominal 
value. At this time, the control signal will go low and turn off the gate, termination any fur- 
ther switching of the series-pass element. The output voltage will eventually decrease to 
below nominal due to the presence of an external load, and will initiate the switching 
process again. The increase in conversion efficiency is primarily due to the operation of the 
series-pass element only in the saturated or cutoff state. The voltage drop across the ele- 
ment, when saturated, is small as is the dissipation. When in cutoff, the current through the 
element and likewise the power dissipation are also small. There are other variations of 
switching control. The most common are the fixed frequency pulse width modulator and the 
fixed on-time variable off-time types, where the on-off switching is uninterrupted and regu- 
lation is achieved by duty cycle control. Generally speaking, the example given in Figure 
2-2 does apply to KA34063A. 


GENERAL DESCRIPTION 


The KA34063A is a monolithic switching regulator subsystem consisting of many active 
functions required for dc to dc converters. This device contains a temperature compensated 
bandgap reference, a dutycycle controlled oscillator with an active current limit circuit, a 
comparator and a high current output switch. The device was specifically designed to be 
incorporated in step-up, step-down and voltage-inverting converter application. 


8 lt Switch 
Drive Collector 
Collector 

Ipk 9 
Sense Switch 
| Emitter 
6 3S rs 
Vcc o—| | Comparator Li 
tle apacitor 
‘Reference 
Comparator Regulator 4 
Inverting GND 
Input es 


FIGURE 3 KA34063A Block Diagram 


The oscillator is composed of a current source and sink which charges and discharges 
the external timing capacitor Cr between an upper and lower preset threshold. The typical 
charge and discharge currents are 334A kand 200A respectively, yielding about a 1 to 6 
ratio. Thus the ramp-up period is 6 times longer than that of the ramp-down as shown 
in Figure 4. The upper threshold is equal to the internal reference voltage 1.25 volts and 
the lower is approximately equal to 0.75V. The oscillator runs continuously at a rate contr- 
olled by the selected value of Cr. 

During the ramp-up portion of the cycle, a Logic ‘|‘ is present at the ‘A’ input of the AND 
gate. If the output voltage of the swithcing regulator is below nominal, a Logic ‘1’ will also 
be present at the ‘B’ input. This condition will set the latch and cause the ‘Q’ output to go 
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to a Logic ‘1’, enabling the driver and output switch to conduct. When the oscillator reaches 
its upper threshold, Cr will start to discharge and Logic ‘0 will be present at the ‘A’ input of 
the AND gate. This logic level is also connected to an inverter whose output presents a 
Logic ‘1’ to the reset input of the latch. This condition will cause ‘Q’to go low, disabling the 
driver ant output switch. 

The output of the comparator can set the latch only during the ramp-up of Cr and can 
initiate a partial or full on-cycle of output switch conduction. Once the comparator has set 
the latch, it cannot reset it. The latch will remain set until Cr begins ramping down. Thus 
the comparator can initiate output switch conduction, but connot terminate it and the latch 
is always reset when Cry begins ramping down. The comparator’s output will be at a Logic 
‘O’'when the output voltage of the switching regulator is above nominal. Under these cond- 
itions, the comparators output can inhibit a portion of the output switch on-cycle, a complete 
cycle, a complete cycle plus a portion of one cycle, multiple cycles, or multiple cycles plus 
a portion of one cycle. 

Current limiting is accomplished by monitoring the voltage drop across an external sense 
resistor placed in series with Vcc and the output switch. The voltage drop developed across 
this resistor is monitored by the |p. Sense pin. When this voltage becomes greater than 30 
OmV, the current limit circuitry provides an additional current path to charge the timing 
capacitor Cry. This causes it to rapidly reach the upper oscillator threshold, thereby shorte- 
ning the time of output switch conduction and thus reducing the amount of energy stored 
in the inductor. This can be observed as an increase in the slope of the charging portion 
of the Cr voltage waveform as shown in Figure 5. Operation of the switching regulator in 
an overload or shorted condition will cause a very short but finite time of output conduction 
followed by either a normal or extended off-time interval provided by the oscillator ramp- 
-down time of Cr. The extended interval is the result of charging C1 beyond the upper osc- 
illator threshold by overdriving the current limit sense input. This can be caused by opera- 
ting the switching regulator with a severely overloaded or shorted output or having the input 
voltage grossly above the nominal design value. Under extreme conditions, the voltage 
across Cry will approach Vcc and can cause a relatively long off-time. This action may be 
considered a feature since it will reduce the power dissipation of the output switch consid- 
erably. 


a 


—=——— Upper Threshold 1.25 V Typical 


—=———_ Lower Threshold 0.75 V Typical 


t 


—— 6t Charge = t | 


Discharge 


FIGURE 4 Cy- Voltage Wave form 
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Comparator Output | | | | | | | 
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Output Switch | i | | | | | | | | 
Off — 


Nominal Output Voltage 
Level 


Output Voltage — 
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FIGURE 5 Typical Operating Waveforms 
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STEP-DOWN SWITCHING REGULATOR OPERATION 


KA 
34063A 


FIGURE 6 Step-Down Regulator(Vin< Vout) 


Transistor Q; interrupts the input voltage and provides a variable duty cycle squarwave 
to a simple LC filter. The filter averages the squarwaves producing a dc output voltage that 
can be set to any level less than the input by controlling the percent conduction time of Q; 
to that of the total switching cycle time. 


Thus, Vout=Vin {ton/(ton +tots) } 


The KA34063A achieve regulation by varying the on-time and the total switcing cycle time. 

Assume that the transistor Q, is off, the inductor current I, is zero, and the output voltage 
Vout is at its nominal value. The output voltage across capacitor Co will eventually decay 
below nominal because it is the only component supplying current into the external load 
R.. This voltage deficiency is monitored by the switching control circuit and causes it to drive 
Q, into saturation. The inductor current will start to flow from Vin through Q, and, Co in 
parallel with R,, and rise at a rate of Al/AT=V/L. The voltage across the inductor is equal 
to Vin-Vsat-Vout and the peak current at any instant is: 


IL={(Vin—Vsat — Vout)/L}t 


At the end of the on-time, Q, is turned off. As the magnetic field in the inductor starts to 
collapse, it generates a reverse voltage that forward biases D, and, the peak current will 
decay at a rate of Al/AT=V/L as energy is supplied to Co and R,. The voltage across the 
inductor during this period is equal to Vout+V; of D; and, the current at any instant is: 


1L=Ilex) — { (Vout +Vr)/L}t 


Assume that during quiescent operation the average output voltage is constant and that 
the system is operating in the discontinuous mode. Then I.peax) attained during t., must decay 
to zero during tx. and a ratio of t., to to. can be determined. 


{(Vin—Vsat —Vout)/L }ton={ (Vout +Ve)/L } tore 
ia ton/ton= (Vour+Ve) /( Vin Vea Vout) 


Note that the volt-time product of tp, must be equal that of t.. and the inductance value 
is not of concern when determining their ratio. If the output voltage is to remain constant, 
the average current into the inductor must be equal to the output current for a complete 
cycle. The peak inductor current with respect to output current is: 
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(luwexy/2) ton + (liex)/2) ton= (lout . es | . tott) 


.* lek) = 2lout 


The peak inductor current is also equal to the peak switch current Ipxswitcn Since the 
two are in series. The on-time t., is the maximum possible switch-conduction time. It-is 
equal to the time required for C;to ramp up from its lower to upper threshold. The required 
value for Crcan be determined by using the minimum oscillator charging current and the 
typical value for the oscillator voltage swing both taken from the data sheet electrical cha- 
racteristics table. 


Cr=lehgiminy(At/AV) 
==20 X 10-® X (t,,/0.5) 
=4.0 10, 


The off-time tox, is the time that diode D,; is in coduction and it is determined by the time 
required for the inductor current to return to zero. The off-time is not related to the ramp- 
down time of Cy. The cycle time of the LC network is equal to tonmax +t and the minimum 
operating frequency is: 


iain =1 || en + tor) 


A minimum value of inductance can now be calculated for L. The known quantities are 
the voltage. across the inductor and the required peak current for the selected switch con- 
duction time. 


Lanin) = (Vin — V sat — Vout) ton/ I px(switch) 


This minimum value of inductance was calculated by assuming the onset of continuous 
conduction operation with a fixed input voltage, maximum output current, and a minimum 
charge current. 

The net charge per cycle delivered to the output filter capacitor C,, must be zero, Q’=Q 
~, if the output voltage is to remain constant. The ripple voltage can be calculated from the 
known value of on-time, off-time, peak inductor current, and output capacitor value. 


1 4 i 1 t oY 
Vrippiew—p)= ( C ) j 0 itdt+(— ) j , Veet 
o oO 


Where it=(72|px * t)/(ton/2), i t=(Zlpx * t)/(tots/2) 


= te It 1 lpk tlt 
Co ton 2 O Co tort 2 t, 
(Where =o ttt) 
— !px(ton + torr) 
8Co 


A graphical derivation of the peak-to-peak ripple voltage can be obtained from the capa- 
citor current and voltage waveforms in Figure. 7. 
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FIGURE 7 Step-Down Switching Regulator Waveforms 


The calculation shown account for the ripple voltage contributed by the ripple current into 
an ideal capacitor. In practice, the calculated value will need to be increased due to the 
internal equivalent series resistance ESR of the capacitor. 
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STEP-UP SWITCHING REGULATOR OPERATION 


FIGURE 8 Step-Up Regulator(Vin¢ Vout) 


Energy is stored in the inductor during the time that transistor Q, is in the ‘on’ state. Upon 
turn-off, the energy is transferred in series with Vin to the output filter capacitor and load. 
This configuration allows the output voltage to be set to any value greater than that of the 
input by the following relationship: 


Vout=Vin oe) +Vin or Vout=Vinl +1) 


An explanation of the step-up converter’s operation is as follows: Initially, assuming that 
transistor Q, is off, the inductor current is zero, and the output voltage is at its nominal 
value. At this time, load current is being supplied only by Co and it will eventually fall below 
nominal. This deficiency will be sensed by the control circuit and it will initiate an on-cycle, 
driving Q; into saturation. Current will start to flow from Vin through the inductor and Q, and 
rise at a rate of AJ/AT=V/L. The voltage across the inductor is equal to Vin—Vsa and the 
peak current is: 


Vin—Vsat 
L 


When the on-time is completed, Q; will turn off and the magnetic field in the inductor will 
start to collapse generating a reverse voltage that forward biases D,, supplying energy to 
C, and R.. The inductor current will decay at a rate of Al/AT=V/L and the voltage across 
it is equal to Vout+V-e—Vin. The current at any instant is: 

Vout +Vr—Vin 
a ee 
L 

Assuming that the system is operating in the discontinuous mode, the current through the 
inductor will reach zero after the t.. peiod is completed. Then I.ex, attained during t., must 
decay to zero during tx and a ratio of t., to to. can be written. 

Vin a ' toot Vout — Vin ) ton 
ton = Vout +Ve—Vin 
, tort Vin— Vsat 

The inductor current charges the output filter capacitor through diode D,; only during tor. 
If the output voltage is to remain constant, the net charge per cycle delivered to the output 
filter capacitor must be zero, Q7=Q. 


a - 
ELECTRONICS 


)t 


=| 


lL= lLiwx) — ( 


( 


KA34063A 


leng ton= laiseng ton 


Fig9. shows the step-up switching regulator waveforms. 


Voltage Across Vout + Vr 
Switch Q1 

VcE Vin 

Vsat 

0 

Vout — Vsat 


Diode D1 Voltage 
VkA 


Switch Q1 
Current 


Diode D1 
Current 


Inductor 
Current 


Capacitor Co lox — lout | 


Current 2 (Ipk—lout) 


ee Z 

_ lout t | 

ie a — 
t, 


Capacitor Co Vout + Vek 
Ripple Voltage Vout fi. 
Vripple(p-p) 
Vout — Vex y 


FIGURE 9 Step-Up Switching Regulator Waveforms 


By observing the capacitor current and making some substitutions in the above statement, 
a formula for peak inductor current can be obtained. 


lLiwk) 
— 


2 )tore=lout(ton + tore) 


t 
luew=2Zleut—— +1) 
tort 
The peak inductor current is also equal to the peak switch current, since the two are in 
series. With knowledge of the voltage across the inductor during t., and the required peak 
current for the selected switch conduction time, a minimum inductance value can be dete- 
rmined. 
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Vin—Vsat 


| ) tonumax) 
Pk(SWitCh) 


Limin)=( 


The ripple votage can be calcuated from the known values of on-time, off-time, peak ind- 
uctor current, output current and output capacitor value. Referring to the capacitor current 
waveforms in figure. 9, t; is defined as the capacitor charging interval. 

Solving for t; in known terms yeilds: 


lpk — lout _ Ipk 
t, torr 

‘ lpx — lout 

co en cel 


tort 
lk 


The ripple voltage is 


1 t Ip, | 
Vrippiew p—Ce) j P = — tdt 
(Ip — lout)? tort 
2lpxCo 


A simplified formula that will give an error of less than 5% for a voltage step-up greater 
than 3 with an ideal capacitor is shown: 


Vrippie_p) x ( out )ton 
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VOLTAGE -INVERTING SWITCHING REGULATOR OPERATION 


+Vn 
D1 


KA 
34063 A 


FIGURE 10 Voltage-Inverting Regulator( |Vout| > Vin ) 


Energy is stored in the inductor during the conduction time of Q;. Upon turn off, the energy 
is transferred to the output filter capacitor and load. Notice that in this configuration the 
output voltage is derived only from the inductor. This allows the magnitude of the output 
to be set to any value. It may be less than, equal to, or greater than that of the input and 
is set by the following relationship: 


t 
Vout = Vin( = ) 
tore 


The voltage-inverting converter operates almost identically to that of the step-up previ- 
ously discussed. The voltage across the inductor during ton iS Vin—Vsa but during tox, the 
voltage is equal to the negative magnitude of VouiVr. Remembering that the volt-time product 
of t.. must be equal to that of tour, a ratio Of ton to tox can be determined. 


(Vin — Vsat)ton=( | Vout | + VF)tore 


ton —— | Vout | +VF 
tort Vin—Vsat 


The derivations and the formulas for lpyswitcn, Limin. and C, are the same as that of the 
step-up converter. 
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Voltage Across 
Switch Q1 
VcE 


Diode D1 Voltage 
VkA 


Switch Q1 
Current 


Diode D1 
Current 


Inductor 
Current 


Capacitor Cy 
Current 


Capacitor Cy 
Ripple Voltage 


FIGURE 11 


Vin 
Vin i Vsat 
0 


Vin—(—Vout + VF) 


Vin I Vsat 


lin =Ic¢(AVG) 
0 


0 


— Vout + Vox 


7 
Vripple w-p) 


Vout 


= Vout ne Vox 


Voltage —Inverting Switching Regulator Waveforms 
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STEP-DOWN SWITCHING REGULATOR DESIGN EXAMPLE 


(Condition) 

Vour==5 V 

lout =500 mA 

fmin =18 KHz 

Vin =25 —10% or 22.5 V 
Vripptetp-p) == 0.5% Vout or 25MV,.p 


1. ton/tor=(Vour-+ Ve) / (Vinweniny Vou Vout) 
=(5+0.8)/(22.5—0.8—5)=0.3 
2. tonmax) + tot= 1/fmin == 56 4SeC 
. ton = 43sec, ton 134sec 
4. C7=4X 10° Xto, 
=4X 10° X13 X 10° =520pFuse 470pF 
. Ix(switch)=2 X lonyw=2 K 0.5=1A 
6. L (miny=(Vinimin) — Vsat — Vout) . toncmas? | pxcewiten) 
=(22.5—0.8—5) - 13 10°°/1 
=217+H>use 220/H 
7. Rec=0.3/Ipxiswitchy =0.3/1=0.3 0 
8. C.= lpx(switch)(tont tot)/ BV -ippie(p-p) 
=280uF>use 470uF 
9. Vour==1.25( i +1) 
If we select R, =3.6kN, we can calculate R: 
Ro=3.6 X 10° X (5/1.25 —1) 7 =1.2kN 


wo 


on 


0.3 
Vin ° 6 Vec 
= - + 470 3ll at 
pes 1. Cin lad 1.25V Cr a uF 
5 - 4 
‘ Reipecscshatesias tin ~ 
R, : OO OO ~o Vo 
1.2k0 3.6kN q Co} 5V/500MmA 
7 = 3 
Vo=1.25(1 TR ) 470 
2 
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STEP-DOWN Switching Regulator Demo-PCB 


SAMSUNG step-DOWN CONVERTER CIRCUIT 
ELECTRONICS APPLICATION SECTION 11 1 SAOBAN 


: Resistor 


R 
A C : Capacitor 
; : D : Diode 
L : Inductor 
T : Tap(Input/Output) 


; 7 


«Component Side) 


aa | -Nar—t 


Copper Side) i ttsti(‘is—sSSS Side) 


e@ 
| @ 


(Solder Side) 


rennnenad 
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STEP-DOWN APPLICATION WAVEFORMS 


Vo, lt & Vos: Waveforms( I ) Vo, I. & Vose Waveforms( II) 


Vin=25V. |o>=500MA Vin=15V, |-=500MA 


Vrippie & Vp Waveforms Vo, I. & Vose Waveforms( Ill) 


CH2 » VOLTS « —s-_ 9. 0870 ~ 


Vrippie 0.5A 
: /DIV 


Vp 
"UF Vosc 
Nn 10U- : O8= Th 
Vin=25V, lo=S00MA Vin=25V, lo=700MA 
IL, Vp & Vose Waveforms Vo, I. & Vosc Waveforms(IV ) 
0.5A pcSEC lhe pbe@Bae panes i, 1/SEC | 59, 8K? 
/DIV | 


Vin=25V Vin=15V, lL=700MA 
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|. & Ve Waveforms 


CH1 # VOLTS # ~-0.62U 


0.5A/ 


Vin=25V, lour=SO0OMA 


Viippie Waveforms 


CH1i @* VOLTS 4 89.000 ~ 


Vrippie 


Vin=25V, lour=500MA 


Vour & Vrer Waveforms 


CH1 w» VOLTS 4 


Vin=25V, |,=500MA 
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STEP-UP SWITCHING REGULATOR DESIGN EXAMPLE 


(Condition) 

V our= 28 V 

lout =175mA 

fmin =23 KHz 

Vin =8~16V 
Vripple(p-p) = 140MV>.p 


1. ton/ton=(Vour+ Ve — Vin)/ (Vin— Vsat ) 
=(28-+0.8—8)/(8—0.8 )=2.9 
1 1 
2. toniman) T ton = = Sai 
3. tor==11.2usec, tonmaxy= 43.5 — 11.2=32.3 usec 
4.C;=4X 10" t 
=4x 10° X32.3x 10° =1290pF>use 1300pF 
2. | ak(switch) = 2lout(ton/to#+ 1 ) 
=2175X 10? X3.941.37A 
6. L (min) = (Vin — Vat) ton(max)/lpx (switch) 
=(8— 0.8) X 32.3 X 10°°/1.37 = 170-H 
7. Rec=0.3/lpxiswitchy =0.3/1.37 =0.22 0, 
8. Comlout * ton/Vrippie(p-p) == 40“F use 220uF 


9. Vout=1.25(-5° +1) 
1 


= 43.5usec 


If we select R2=47k0, we can calculate R;: 
R,=47 X 10° x (28/1.25—1) | =2.2k0 
10. The output switch transistor is driven into saturation with a forced gain of 20 at an input 
voltage of 8V. The reguired base drive is: 
lp=lpx;switch)/ By =68.5MA 
The current required to drive the internal 1700 base-emitter resistor is: 
11709 =Vee(switcny/ 170=4.1MA 
The driver collector current is equal to sum of 68.5mA+4.1mA=72.6mA 
Rariver=( Vin — Vsatidriver) — Vasc) /(le+hizon ) 
—(8—0.3—0.2)/(72.6 X 1073) L 
+103 0>use 1502 


IN5819 
ee | an Vout 
an rie 
R, 3 2.2k0 R, Cot 28V/T75mA 
: Vo=1.25(1 +5) 
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STEP-UP Switching Regulator Demo—PCB 


SAMSUNG step-up converTeRCIRCUTT Gy | 
O ELECTRONICS APPLICATION SECTION 0 O 


«Component Side) 


Neal 
=) 


«Copper Side) 


dion 
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: Resistor 
: Capacitor 
: Diode 
: Inductor 
: Tap(Input/Output) 
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STEP-UP APPLICATION WAVEFORMS 


Vee, Ir & Vosc( | ) 


31. 6KY 


: host BB cad 


0.5A 
/DIV 


Vin=8V, lor=175MA 


Vrippie & Vee 


0.5A 
/DIV 


me Vosc 
| Vout 


Vee, I & Vose( II) 


Vin=12V, lout=175MA 


Vee, I & Vosel lil) 


Vrippie 
0.5A 
/DIV 
Vee 


n 10U= 108 10 & 20% 


Vin=16V, lour=175MA 


Vin=12V, lour=400MA 
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Vsat & I 


0.814 


Vin=12V, lour=120MA 


Vrippie & noise 


Hi & VOLTS 4 0.4550 ~ 


Vrippie & noise 


Vin=12V, lour=175MA 


Vout & Vrer 


Vin=12V, 1=175mMA 
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VOLTAGE -INVERTING REGULATOR DESIGN EXAMPLE 


(Condition) 
Vout= — 12 V 

lout =100 mA 
fmin =50 KHz 

Vin =5.4~7V 
Vrippieip-p) —60 MV 


1. ton/torr=(| ‘en +Vr)/(Vin—Vsat) 2.8 

. tonqmaxy 1 tor fon ~ 50x 102° 
. tor 5.34S8EC, tonmaxy = 14.74Sec 
.Cr=4X 10° X ton 

=4x 10° 14.7 x 10 ®° =590pF>use 560pF 
5. | ok(switch) == 2 * lout * (ton/to#+ 1) 
=2x 100 10° X3.8=760mA 
6. L¢miny=(Vinimin) — Vsat) . tonimax)/lextswitch) 
=(5.4—0.8) 14.7 x 10 */760 X 10°° +88;H 

7. Rec=0.3/Ipxiswitch) =0.3/760 X 10°? +0.39 0 Suse 0.350 
8. Colour * ton/Vippiep-p) = 254F use 1000uF 
9. Vous=1.25(-42 +1) 


3 


Osec 


-& W PP 


If we select R, =3kN, we can calculate R:: 


—1)X R,=25.8kN5use 26kN 


Vout 


R.= 
. (795 


te : \ Vout 
sob gy 200 _ —12 V/100 mA 
meee =p |Vol=1.25(1 += ) 1000 J +c, 


a 


PSNMSUNGd i 
ELECTRONICS 


KA34063A 


INVERTING Switching Regulator Demo— PCB 
O GB SAMSUNG vow ror LOW sNaE Vek TAGE aNeERTIND GROUT 65 


A AEE 
Gg p 
ps 


(Component Side) 


HreoowoO 


(Copper Side) 


e® @ ®@ s * é 
eee ” 
oo 
seee a 
°3 
Cee 
3 & 
e £ 
sd & 
— {Selder Side) | 


tabi 


ELECTRONICS 


> KA 34063AN 
: Resistor 
: Capacitor 
: Diode 
: Inductor 
: Tap(Input/Output) 
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VOLTAGE — INVERTING APPLICATION WAVEFORMS 


Viippte & noise 


9.3360 ~ 


Vrippie 
& noise 
Vin=9.4V, lour=100MA Vin=5.4V, l=100MA 
Vi & Viipple Ve & I 
» VL 
Ve 
IL 
Vrippie 
Vin=5.4V, lour=100MA Vin=5.4V, 1,=100MA 
li, Vi & Vose 
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Design Formula Table 


Siep-Up Voliage-lnverting 
tort Vinqmin) — Vsat — Vout Vinimin) — Vsat Vin(min) — Vsat 
1 1 
Cr 4X10° ton 4X 10° ton 4X 10° ton 


| Rec | 0.3/1 pk(switch) 0.3/1 pk(switch) 0.3/1 pk(switch) 
7 —V, V, Vinimin—V Vintmin 
Fa ee 


in) 


Ipucswitchy(ton + tort) 


8V rippier—p) 


lout ton 
Vrippiew-p) 


Vrippiew-p) 


Vsat==Saturation Voltage of the output switch. 

V-=Forward Voltage drop of the rectifier. 

The following power supply characteristics must be chosen: 

Vi,-Nominal input voltage, if this voltage is not constant, then use Vinmax) for step-down and 
Vinmin) for step-up converter. 


Vou-Desired output voltage, Vou==1.25(1 +72 ) 


lou-Desired output current. 

fmin-Minimum desired output switching frequency at the selected values for V,, and |. 
Viippleip-p) Desired peak-to-peak output ripple voltage. In practice, the calculated value will need 
to be increased due to the capacitor‘s equivalent series resistance and board layout. 

The ripple voltage should be kept to a low value since it will directly effect the line and load 
regulation. 


e ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Power Supply Voltage 


Comparator 

Input Voltage Range 
Switch Collector Voltage 
Switch Emitter Voltage 


Switch Collector 


To Emitter Voltage 
Driver Collector Voltage 


Switch Current 
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e ELECTRICAL CHARACTERISTICS 
(Vcc=5.0V, Ta=T low to T high unless otherwise specfied) 


Characteristic Test Condition 
Oscillator 


5.0<Vec<40V, 


Charaing Current 
arging Curr Ta=250 


5.0<Vec<40V, 

Ta=25 

Frequency fosc | Vpins= OV, Cr=1.0nF, Ta=25C 
Discharge To Charge Idischg |Ipk(sense)=Vcc, 

Current Ratio Ichg |Ta=25°C 


Discharge Current Idischg 


(-_ 
Current Limit Sense Vipk |Ichg=Idischg 
Voltage (sense) |Ta=25C 
Output Switch(Note 2) 


Isw=1.0A, 
Saturation Voltage | Vce(sat) 
Vc(driver)=Vc(sw) 


Isw=1.0A, 
Rpins=82 1 to Vcc 


Saturation Voltage [[ Vce(sat) 


Isw=1.0A, 
Vee=5.0V, la=25¢6 
Vor=40V 


DC Current Gain 


Collector off State 


Current 
Comparator 


Threshold Voltage 
Ta=Tiow to Thigh 


Threshold Votage Line 3.0V<Vcc<40V 
Regulation 


Input Bias Current Vin=oV 


Total Device 


— 


5.0<SVcc<40°V 
Cr=0.001uF 
Supply Current Ipk(sense)=Vcc 
Voins>Vth 
pin2=GND 


@OT low=0 ©, T high=+70T 
(2Output switch tests are performed under pulsed conditions to minimize power dissipation. 


an - 
ELECTRONICS . 


NOTES 


PWM SWITCHING REGULATOR DEVICES 


Application Note 


PWM SWITCHING REGULATOR DEVICES 


INTRODUCTION 

The basic function of every regulator is to convert an 
AC or DC input voltage into a stable DC output 
voltage and then maintain this output voltage over a 
specified wide range of load conditions. Typically, 
the voltage regulator contains the following compo- 
nents: 


* Reference circuit which provides a known 
stable reference voltage. 

¢« Sampling element to sample the output 
voltage level. 

* Comparator for comparing the output voltage 
sample to the reference and generating an 
error signal. 

* Control circuit that will translate the input 
voltage to the desired output level over 
variable load conditions as fed back by the 
error signal. 


CONTROL 
ELEMENT 


SAMPLING ELEMENT 

The function of a sampling element is to monitor the 
output voltage and translate it into a level which is 
equal to the reference voltage for a desired output 
voltage. The variations in the output voltage cause 
the feedback voltage to change it to a value which 
may be lesser or greater than the reference voltage. 
This small voltage is the error voltage that directs the 
regulator to respond and make appropriate correction 
in the output voltage if the output voltage has 
changed from its defined level. 


~COMPARATOR 


The function of the comparator is to monitor the 
feedback voltage for comparison with the reference 
voltage. Also, the comparator provides gain for the 
detected error signal level and so it is called error 
amplifier. The output of the comparator is actually an 
amplified error signal and it is translated to the output 
by the control circuit for maintaining a certain output 
level. 


REGULATED 
OuTPUT 
VOLTAGE 


Figure 1. Basic Regulator 


REFERENCE ELEMENT 

The reference element is the main component of 
voltage regulators, because the output voltage is 
either equal to or a multiple of the reference. Any 
variations in the input voltage will be interpreted as 
an error in the output voltage by the comparator and 
causes the comparator to change the output voltage 
accordingly. Therefore, the reference voltage must 
be highly stable for all variations in the output voltage 
and junction temperature. 


CONTROL CIRCUIT 

The control circuit depends on the regulator type, 
because the design of the control circuit determines 
whether the regulator is series type, shunt type, or a 
Switching type. Figure 2 shows basic configurations 
of the control circuit. The control circuit translates the 
error voltage to the output and it influences the 
performance of the regulator because it affects the 
input-output differential, circuit efficiency and power 
dissipation. 
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Vout" Yin-'Rs)'toaD = VIN Vout VYout*Yw-F (lLoap * 's! 


SERIES SHUNT 


ton 


Vv «eV Sane 
OQuT IN ton * tof 


SWITCHING 


Figure 2. Control Element Configuration 


Rs 

P 4 
amiemieaionle 5 telat | 
' : 
’ i 


R1 
© Vout * Vrer (1 a, 


Figure 3. Basic Series Regulator 
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The voltage regulators can be designed using many 
different circuit implementations, but the three basic 
methods are: 


* Series Regulator 
¢« Shunt Regulator 
- Switching Regulator 


Series Regulator 

The output voltage is regulated by modulating a 
series element which acts as a variable resistor. A 
transistor is employed as a series element as shown 
in figure 3. Any change in the output voltage 


changes the equivalent resistance of the series 
transistor accordingly. The product of this resistance 
and the load current produce differential voltage that 
will compensate for the change in the input voltage. 


The output voltage V,,,,, is equal to: 


Veue = ¥m* Vo > = Differential Voltage 
V, =, R, V,_ = Load Current 
Vout = Vin - I R, 


Figure 4. Basic Shunt Regulator 


Figure 5. Basic Switching Regulator 
(Step-down Configuration) 
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Change in R, for a changing input voltage will be: 


IN 
and AR, = 7. 
L 


Change in RS for a changing load current will be: 


Al, Re. 

| +Al, 

Series regulators provide an inexpensive means for 
obtaining regulated voltage. However, the disadvan- 
tage of this method is that in applications requiring 
very high load currents, the voltage drop across the 
series element is very high, resulting in power loss. 


ARS = 


Shunt Regulator 

Shunt regulator employs a shunt element and 
changes in the input voltage or load conditions result 
in changes in the shunt current requirement. Figure 
4 shows basic configuration of shunt regulator. 


The output voltage V,,,,, in this case will be: 


Veur = Vin KR, 
le = L + L. 
Vout = Vin ” R, ba + l,) 


Change in |, for a changing load current will be: 


and Al, = Al, 


ON-STATE 


Pow = Vsw sw 
Vsw 7 0V 
. Pow =0W 


Change in |, for a changing input and voltage will be: 


Vin 
AlZ = 5 

OUT 
AlZ = AR 


This type of regulator is not very efficient, but is less 
sensitive to input voltage transients and the load 
current transients are not reflected back to the 
source. Because of its configuration, the shunt 
regulator is short circuit proof inherently. 


Switching Regulator 

The switching regulator employs an active switch as 
its control element. The switch is a high frequency 
inverter whose function is to chop the rectified input 
voltage at a varying duty cycle. An LC filter is 
normally used and its function is to average the 
voltage appearing at its input and deliver this voltage 
to the output load. The transistor in the basic circuit 
(Figure 5) is either in ON STATE (saturation) or OFF 
STATE, so the power losses in the control circuit are 
minimum. This is the primary reason this type of 
power supply is particularly useful in applications 
where the difference between the input and output 
voltage is very high. 


Figure 6 shows different modes of the control ele- 
ment. From this figure it can be seen that the control 
circuit is subjected to a high current at a very low 
voltage or a high differential voltage at a very low 


OFF-STATE 


Psw = Vsw 'sw 
Igy OA 
Poy 2 OW 


Figure 6. Modes of Control Element. 
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'utpesk) - ‘LOAD 
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Figure 7. Waveform on Capacitance 


current. In both cases, the power dissipation in this 
control circuit is minimum. The changes in the load 
current or input voltage can be compensated for by 
varying the on/off ratio (duty cycle) of the switch. 


If the output voltage should remain constant, then the 
net change in the capacitor must remain constant. In 
other words, the charge delivered to the capacitor 
must be dissipated by the load. 


peak) - | for |, =|, (peak) 


e= tA LOAD 
The charge delivered to the capacitor and the charge 
dissipated in the load are equal to the area covered 


under the capacitor current waveform. 


FREQUENCY 


Figure 8. Fixed On-Time 


AD pa ( ioeaiy — Nrono)* t Vin 
2 h inoue Vi 

AQ- =| [r pnt y (tow —ow ) (=) 
LOAD 

. Vo c | (peak) Vo 


If Q+ is set equal to Q-, the relation of |,,,, for Q=0 
can be determined by: 


1 V 
‘oom = 2 A sesaat (“0 ) it) 


C 


As can be seen above, the duty cycle t/T can be 
varied to compensate the input voltage variations or 
load variation. 


FREQUENCY 


Figure 9. Fixed Off-Time 
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Figure 10. Single-Ended Transformer Coupled Circuits 


The duty cycle can be varied by: The value of inductor can be calculated from 
V 

* Maintaining a constant on-time, and varying L= 7 t 
the frequency | a 

* Maintaining a constant off-time, and varying where: L = inductance (in microhenry) 
the frequency ¥Y « differential voltage (in Volts) 

* Maintaining a constant frequency and varying | inductor current required 
the on/off time (defined by load in Amps). 


t «= On-time (in microseconds) 
Fixed On-Time Variable Frequency 
In this technique, the time the input voltage is applied Figure 8 shows variations in frequency with the load 


to the LC filter is kept constant and the duty cycle is current in this method. 

varied by varying the frequency 1/T. This isa 

relatively easier method and suitable for applications Fixed Off-Time Variable Frequency 

where voltage conversions are required for step- In this method, the average DC voltage is varied by 
down, step-up, or invert type of power supply. changing the on-time (t) of the switch while maintain- 


High Frequency 
Inverter 


Output 


Input Rectifier Output Rectifier 
and Filter and Filter 


Note: Input to output isolation is not shown. 


Figure 11. Basic Blocks of Switching Regulator 
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ing a fixed off-time. In fixed-off time process, as the 
load current increases, the on-time is also increased, 
thereby decreasing the operating frequency. (see 
Figure 9). This method allows a design of the 
voltage regulator with predefined minimum frequency 
under full load condition and also allows the DC 
current to be established under the increased load 
condition. This will help reduce the ripple current 
while maintaining the average current. Care should 
be taken to ensure that the saturation characteristics 
of the inductor are not exceeded because the maxi- 
mum current that can flow through the inductor under 
transient load current is not well defined. 


Fixed-Frequency, Variable Duty Cycle 

In fixed-frequency regulators, the duty cycle of the 
pulse train is varied for changing the average power. 
The fixed-frequency switching regulators are most 
suited in the systems having transformer-coupled 
output stages, since the fixed frequency concept 
allows it to take full advantage of the magnetic 
properties of the transformers. Transformer-coupled 
systems offer an ideal choice for power supply 
designs having single or multiple voltage conver- 
sions. 


The fixed-frequency regulators are used extensively 
in the mainfram power supply control circuits. In 
systems with single-ended output stages,the fixed- 
frequency method also establishes DC current 
through the inductor for increased load conditions to 
maintain the required current transfer with minimum 
ripple current. 


Basic Circuit of the Switching Power Supply 
Figure 11 shows the basic configuration of the 


+V., +V 


A. Buck (Step-Down) 
Vout < Vin 


switching power supply. The main component in this 
circuit is the high frequency inverter whose function is 
to chop the rectified input voltage. The rest of the 
Circuit will support this switching function. 


The input line voltage is rectified by the input rectifier 
circuit and then filtered. The function of regulating 
this voltage is performed by the control circuit. The 
control circuit closes the loop from the output to the 
inverter. Most of these control circuits contain an 
oscillator that generates fixed frequency and then 
uses a pulse width modulation method for controlling 
the output voltage. When the load is reduced, the 
output voltage increases sending signal to the control 
circuit. The control circuit then delivers shorter 
pulses to the inverter. If the load is increased, the 
output voltage decreases sending a signal to the 
control circuit so it delivers longer pulses to the 
inverter. 


The inverter section contains a transformer which 
provides electrical isolation between the line and 
load. Transformer makes designs of an inverter 
section versatile and allows several different configu- 
rations of switching regulators such as: Step-up 
(boost), step-down (buck), flyback, push-pull and 
half- bridge converters. Figure 12 shows step-down 
and step-up configurations. 


Step Down (buck) Converter 

The buck type of circuit interrupts the line voltage and 
provides variable pulse width square wave to the LC 
filter. The regulation of this type converter is 
achieved by varying the duty cycle. 


B. Boost (Step-Up) 
Vout > Vin 


Figure 12. Buck and Boost Converters 
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The output voltage in this case may be approximated The value of load resistor can be calculated as 
as: follows: 
Vour = Vin X duty cycle 


| | | Vour= V PSR, 
The drop in the output section (IR), diode and where R. = Load Resistance 
transistor saturation voltages can be compensated by 7 re : 
adjusting the transformer turns ratio. Vour = V4, = 
Step Up (boost) Converter 
In step up configuration, the energy is first stored in The choke current is proportional to the On Time of 
the choke and then this surplus energy is delivered Duty Cycle of the switch. The regulation for fixed 
from the input line to the load. In this configuration, loads is controlled by the duty cycle variation as 
the choke works as a storage element that delivers a before. The difference between the buck converter 
fixed amount of power to the load. and boost converter is that the output of the boost 
converter depends on the load and hence the loop 
P= — Lo gain varies with the load. 
OUT | 
where | = Peak Choke Current Flyback Converter 
fo = Operating Frequency This type of converter stores energy in the primary 
= Inductance winding and dumps it into the secondary windings 


(shown in Figure 13). The flyback converter is 
relatively less expensive to design because the filter 
chokes are not required in the output stage. The 


® $e : 
® 
10-3B. Forward 


10-3A. Flyback un 
— p Winding 
(Clamp Winding 
Is Optional) Is Necessary) 


[E_ 


10-3C. Two Transistor 
Forward or 
Flyback (Clamp 
Winding Is Not 
Needed) 


Figure 13. Flyback Converter 
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output Capacitors receive charge from the current 
source and not the voltage. The disadvantage is that 
the flyback converter will have more ripple. However, 
this type of converter offers better regulation in 
applications requiring multiple output voltages 
because it provides better cross regulation security 
than other converters. When the load changes on 
one winding, it has very little effect on other output 
voltage of others. 


Normally a flyback converter designed to operate 
from the line (110/220 Vac) employs 1500 Volt 
transistors which are used for horizontal deflection in 
TV circuits. These transistors must be able to block 
twice the peak line voltage and the transients of 
about 1KV. Converters with these transistors can 
operate at frequencies up to 50KHz without any 
problems. Turn-on time for these bipolar transistors 
is slower, therefore MOSFETs must be used for 
operations at higher frequencies. 


The flyback converter has one advantage over boost 
converters in that it can operate in a continuous 
mode. As stated before, in boost regulators the 
energy is dumped from the choke to the load before 
the switching transistor is turned on again. If, how- 
ever, the transistor is turned on during the time the 
energy is being dumped, the circuit is operating in 
continuous mode. In this case, the transistor will 
require half of the peak current to deliver the same 
power to the load. Generally, the inductance must be 
increased by 10 times to reduce the peak current to 
half. The inductance can be increased by reducing 
the gap in the transformer and/or by increasing the 
core size. Figure 14 shows the waveforms of the 
transistor operating in continuous and discontinuous 


Discontinuous Mode 


modes. In the continuous mode of operation, the 
transistor must be able to turn on from higher voltage 
levels (typically 50 to 600 volts), because there is no 
longer any dead time for flyback voltage to settle 
back to the input voltage level. 


Push-Pull Converters 

The push-pull converter design is used for applica- 
tions requiring low voltage converters such as 12V 
DC from 110V DC power supply. This type of 
converters are free running and mostly operating 
from low voltages where transformer saturation 
problems do not occur. The applications for push- 
pull converters are found in DC to DC converters. 
Figure 15 shows a basic push-pull type converter. 


Control Circuits 

Many different control circuits are available for 
switching mode power supplies. The basic function 
of regulating output voltage is performed by the PWM 
pulse width modulation section of all these devices. 
In this section, the DC feedback signal is compared 
to a fixed frequency sawtooth waveform. As a result 
of this a pulse train with variable pulse train 
isobtained. This pulse train can be fed to a buffer 
which can then be used to drive the power switching 
transistor. 


The KA3525AN is a regualtor pulse width modulator 
used in all types of switching power supplies. The 
on-chip features reduce external components and 
make it convenient to use. 


The KA3842 is a current mode pulse width modulator 
controller and is specifically designed for off-line and 
DC-to-DC converter applications. 


The KA34063AN is a monolithic switching regulator 
subsystem used in a DC-to-DC converter. 


Continuous Mode 


Figure 14. Flyback Transistor Waveforms 
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Figure 15. Transformer Coupled Circuits 


PART NUMBER FEATURES 


KA3525AN * 8.0 to 35V Operation 
* 5.1V+ 1.0% Trimmed Reference 
KA3842 


* 100Hz to 500KHz Oscillator Range 
KA34063AN 


* Separate Oscillator Sync Pin 
Table 1. Features of PWMs From Samsung 


+ Adjustable Dead Time Control 

* Input Undervoltage Lockout with Hysteresis 
* Latching PWM to Prevent Multiple PUlses 

* Pulse-by-Pulse Shutdown 

* Dual Source/Sink Output Drivers 

* Internal Soft-Start 
16-Pin DIP Package 


Automatic Feed Forward Compensation 
Optimized for Off-Line Converter 
Double PUlse Suppression 

* Current Mode Operation to 500KHz 
High Gain Totempole Output 

- Internally Trimmed Bandgap Reference 
Undervoltage Lockout with Hysteresis 
Low Startup Current 

8-Pin DIP and 14-Pin SOP Package 


Operation From 3.0 to 40V Input 
Short Circuit Current Limiting 
Low Standby Current 

* Output Switch Current of 1.5A 

* Output Voltage Adjustable 
Frequency of Operation from 100Hz to 100KHz 
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DATA CONVERTERS 


OBTAINING THE BEST PERFORMANCE FROM A/D AND D/A CONVERTERS 


The KSV3110 data converter was developed for use in 
all applications which require high-speed data conver- 
sion, i.e., TV circuits, VCRs or MAC converters. When 
using high speed analog and digital circuits on the same 
board, proper component selection, and the printed 
circuit board layout considerations become predomi- 
nant factors for obtaining noise free performance from 
such Circuits. 


Because A/D and D/A converters are partly analog and 
partly digital devices, the analog signals are subject to 
degradation from power supply noise, ground loops, 
radiated pickup and magnetic coupling. This type of 
mixed circuitry often contain harmonics of waveforms 
and hence, require special solutions to avoid excessive 
noise from the system. 


Ground Plane 

When designing circuits with high speed logic devices, 
it is always a good practice to use the ground plane 
under signal traces to minimize radiated noise and 
crosstalks. When using flash A/D and high speed D/A 
converters, better performance can be achieved by 
separating this ground plane into two separate areas 
designated as digital ground area and analog ground 
area. Both areas should be separated by at least 1/8" 
fromeachother. The digital ground plane should cover 
all areas under digital logic including signal traces 
leading up to the A/D and D/A converters but leaving all 
pins of these parts. The analog ground plane area 
should include all ground pins on the device. These 
ground plane areas should be connected at a single 
point on the PC board. 


Power Plane 

For PC boards with many high speed devices, it is better 
to include a power plane layer to minimize the voltage 
drops and improve noise margins. To improve DC 
performance, the power plane should be separated into 
two areas which lay on top of the analog and digital 
ground plane areas. The digital area of power plane 
should supply power to the digital logic and digital 
section of the device. The analog area of the power 
planes should supply power to the analog section of the 
device. It is very important that no portion of the digital 
or analog power plane overlay each other. This will 
prevent plane-to-plane noise coupling. Also, like ground 
planes, both power planes should be tied together at 
one single point on the PC board. 


The return connections for the power and ground from 
the PC board to the power supply should be made to the 
digital power and ground areas to minimize the DC 
current flowing through the path connecting digital and 
analog sections together. 


Digital Signal Lines 

The digital input signals of a D/A converter and the 
digital output signals of an A/D converter should be kept 
away as much as possible from the analog signals and 
other reference inputs. These signals should run over 
the digital ground and power plane areas of the PC 
board. The distances between the interconnects should 
be as small as possible to minimize the undershoot, 
ringing and datafeed through noise. Also, the clock 
lines must not be running too long so they do not pick up 
noise. Insome applications, termination resistors may 
be required at the inputs of the D/A converter to reduce 
noise. The termination resistors should be the carbon 
film type. 


Analog Signal Lines 

The traces carrying analog input signals to the A/D 
converters onthe PC board should be further away from 
the traces carrying digital outputs from the converters. 
Also, the input signals should run over the analog power 
and ground plane areas. The coupling of high frequency 
digital signals into the analog lines by mutual or stray 
Capacitance can produce errors that are more significant 
than having poor grounding. 


The D/A converter should be located as close as 
possible to its output connectors to minimize the noise 
pickup on the analog output traces. This will also help 
minimize reflections due to impedance mismatch. The 
D/A converter reference circuitry should be kept close 
to the D/A converter to avoid stray pickup. 


Normally, the video converter contains circuitry for 
rejecting the power supply noise, but the rejection 
decreases with the increase in frequency. Forexample, 
if a0.01L.F compensation capacitor is used, the power 
supply rejection on D/A converter flattens out to 10dB at 
frequencies around 1KHz. If a converter is powered 
from the 20KHz switching power supply where the 
noise level is 100mV at 20KHz, then the noise level at 
the output of this converter willbe 10mV. The noise at 
the output of the D/A converter is comprised of the 
quantization error, power supply noise and various 
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noises caused by the ground loops, radiated pickup, 
magnatic oupling, data under shoot or ringing as stated 
before. This noise can be eliminated by using a low 
pass filter at the output of the converter. A 4.2MHz low- 
pass filter is shown in Figure 1. 


Decoupling 
Capacitors 

A PC board with 
a four layer struc- 
ture where power 
and ground 
planes are inside 
the board andthe 
signals are onthe 
top and bottom of 
the board, will 
provide good high 
frequency 
decoupling be- 
cause of the dis- 
tributed capaci- 
tance between the power and ground planes. In addi- 
tion, 0.1u.F ceramic capacitor per every three or four 
devices should take care of the low frequency 
decoupling. Aceramic capacitor of .0.1 to .1 uF nearthe 
power supply pin of the device can be used for bypass- 
ing the analog power and ground plane areas. 


0.9uH 


3uH 


a 


Figure 1. 4.2MHz Low-Pass Filter 


Bypass Capacitors 

The bypass capacitors are necessary, but when using 
high speed devices such as KSV3110 at a sampling 
rate of 10MHz, the influence of bypass capacitors on 
noise characteristic is most significant. For example, a 
0.1uF capacitor with 
leads over 1/4" length, 
will behave as an oscil- 
lator at 10MHz of fre- 
quency. It may appear 
inductive beyond this 
Output frequency, therefore, 
the bypass capacitors 
used on a PC board 
must have the shortest 
possible leads. The 
ceramic chip capacitors 
are very good by by- 
passing, but they may 
not survive a wide tem- 
perature range. An- 
other choice is a radial 
lead ceramic capacitor. 
However, any bypass capacitor selected must be used 
in conjunction with ground and power planes described 
previously. 


There is no single method of bypassing that is suitable 
for all possible applications. However, the effective- 
ness of the decoupling will be determined by the bypass 
Capacitor along with the distributed inductance of the 
power supply plane. 
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KSV3110 High-Speed A/D-D/A Converter 
KSV3208 High-Speed A/D Converter 


Application Note 


FLASH CONVERTERS 


GENERAL DESCRIPTION 


Digitizing analog signals containing high frequency components with accuracy requires ultrahigh speed 
A/D converters. Such converter is essential in RADAR data transmission, high speed digital data 
transmission, image processing and digital television. In TV for example, high speed conversion will 
enhance images, correct time base errors, synchronize and store frames, and reduce noise. Analog-to- 
digital and digital-to-analog converters also play an important role in the field of microcomputers when 
they are used in control and measurement applications. 


All these applications require much faster data conversion technique and one such technique is called 
flash conversion (or parallel conversion) technique. 


The flash converter offers very high performance and has an ability to perform data conversions (from 
analog to digital or vice versa) at extremely high speed. The crucial parts in this type of converters are 
comparators. They not only determine the speed of the converter but also the accuracy. Also, the 
switches must be very fast and be able to withstand the reference voltage. Generally, the number of 
comparators in an n-bit converter will be 2" - 1. In flash conversion, the analog input is compared 
against 2" graded voltage levels, using the same number of comparators (shown in figure 1). The 
comparator output logic levels are processed by a priority encoder, which converts the output to a 
binary code. The whole conversion occurs simultaneously, so it is the fastest means of conversion, 
however, it requires a large number of comparators having very high accuracy and a large number of 
gates. 


OUTPUT 

DECODER LATCH 

NETWORK AND DIGITAL 
DRIVERS OUTPUT 


Figure 1. Flash (Parallel) A/D Converter 
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Like other converters, parallel type of A/D converter also contains a quantizer circuit followed by a 
decoder circuit, but the difference is that both functions are separate in this type of converter. The 
quantizer in such A/D converters is defined by its parallel function. Figure 2 shows the transfer function 
for a 4-bit parallel type of converter. The output in this figure is divided into 16 different states or 2" 
levels, where n is the number of bits. There are 2" - 1 analog transition points along the horizontal axis 
representing voltage levels that define the edges between adjacent output stages or codes. These are 
also called analog decision points. These decision points are set precisely in a quantizer in order to 
divide the analog voltage range into the correct quantized values. 


The quantizer in this case assigns one output code to a small range or band of analog input values. The 
size of such band is a quantum Q which is given by: 


FSR where FSR = Full Scale Analog Range 


Q = on n = number of bits 


In figure x, the full-scale-range is 2.0 volts, therefore; 
20 2.0 
Q= 4 46 7 0.125 mV 
The voltages 0.125, 0.25, 0.375, 0.5, 0.625, 0.75, and 0.825, are the center points of each output code 
generated by the A/D converter (shown in figure 2). 


The transfer function shown in figure 2, is of an ideal quantizer of an A/D converter, however, in practice, 
the A/D converter will have errors like offset or linearity for example. (see App. Note on “Glossary of 
Data Conversion”). 


CODE LEVEL 


1010 10 


DIGITAL OUTPUT 
8 


oO 
= 
i=) 
= 
o=- NM WO 2 oO DN DO O 


0 0125 0.25 0.375 0.50 0625 0.75 0.875 2.0 
ANALOG INPUT (V) 


Figure 2. The Quantizer Transfer Function for a 4-Bit Parallel A/D Converter 
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KSV3110 Flash A/D and D/A Converter on a Single Chip 


The KSV3110 is a VLSI circuit designed using Samsung's Cl (Collector Implanted) technology. It consists 
of a high-speed flash-type 8-bit A/D converter and a high-speed 10-bit low glitch D/A converter. Also, 
various auxiliary circuits like, reference voltage generator, pre-amplifier, and input clamping circuit are 
integrated on the same chip (Figure 3). 


The KSV3110 has been developed for all applications involving high-speed data conversion. The 
KSV3110 is very useful for industrial applications in conjunction with image processing. It is also used 
for decoding Television signals in Pay-TV converters or MAC converters used for direct satellite 
broadcasting. 


VOLTAGE VOLTAGE 
KEYED REFERENCE REFERENCE 
CLAMPING 


FLASH 


A/D D/A 
CONVERTER eo BITS 
8 BITS 


Jum Towne [roe wafeoatse nae 


Figure 3. KSV3110 Block Diagram 


The on-chip A/D converter has an accuracy of 8-bits, but the on-chip D/A converter is available with an 
accuracy of either 7, 8, 9 or 10-bits. The KSV3110 comes in a 40-pin DIP plastic package. 


In many applications, only A/D converter is required. The KSV3208 from Samsung contains a flash A/D 
converter for those who do not require D/A converter in their systems. Essentially, the KSV3208 contains 
the A/D converter section of the KSV3110. 
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KSV3208 Flash A/D Converter 


The KSV3208, is a VLSI circuit similar to the KSV3110, designed using the same Cl (Collector Implanted) 
technology. Like KSV3110, the KSV3208 also contains various auxiliary circuits such as; reference 
voltage generator, pre-amplifier, and input clamping circuit (Figure 4). 


The KSV3208 has been developed for use in all applications requiring high-speed A/D converter. 
The applications involve low-cost video digitizing, Radar data conversion, data acquisition and medical 
imaging. Other promising applications are in the field of industrial electronics, in conjunction with image 
processing. 

The reference voltage for A/D converter of the KSV3110 and KSV3208 is generated internally, but this 
voltage with the ground for the reference voltage circuitry are connected to the pins so that an external 
filter capacitor can be used. All inputs and outputs of these devices are TTL compatible. 


CLAMPING 


FLASH 
A/D 
CONVERTER 
8 BITS 


PEAK 
; CLAMPING 


22) 


Figure 4. KSV3208 Block Diagram 


FUNCTIONAL DESCRIPTION 
A/D Converter 
The A/D converter on the KSV3110 and KSV3208 contains the following basic functions: 


Analog section 

Digital section 

Data output section and 
Auxiliary section 


Analog Section 


The analog section consists of the comparator array, reference resistor string and voltage reference. The 
input voltage to the A/D is compared with 2" separate reference voltage points by a voltage equivalent to 
one LSB where n is the number of data outputs, or the resolution of A/D converter in bits. 


The comparator reference voltage points are tapped from the reference resistor string which is driven by 
a voltage reference circuit. 
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Digital Section 


In this section, the output from the 2" comparators is encoded into an n-bit binary word for high speed 
operation. The emitter coupled logic (ECL) is used for encoding. The encoded n-bit data is latched in 
the output data latches. 


Data Output Section 


This section consists of output data latch, and logic level converter (e.g. ECL-to-TTL). The output 
latches of the converter hold data valid while the conversion is taking place. These latches are updated 
by the sampling clock signal. 


The latched outputs of the ECL logic are converted into TTL level by the ECL-to-TTL logic converter 
Circuit, so the outputs can easily interface with the external TTL devices. 


Auxiliary Section 


The auxiliary section contains the voltage reference circuit, pre-amplifier as buffer, and clamping circuit 
for peak or keyed clamping. All these functions will help reduce the size of the external components 
thereby reducing the overall system costs. Also, they will provide more stable features because of the 
identical characteristics. 


Reference Voltage Generator 


The reference voltage generator will operate from 2.0 Volts supply. The reference voltage generator is 
designed using the bandgap reference circuit, that will provide higher accuracy for the temperature 
coefficient characteristic. 


Pre-amplifier 


The input impedance of the A/D converter is 10 MOhms at the input frequency of 1 KHz and 100 KOhms 
at the input frequency of 10 MHz. In many instances, for using an A/D converter in a system, it becomes 
necessary to match the impedance of an external circuitry to the input impedance of the converter. The 
on-chip pre-amplifier on the KSV3110 and KSV3208 will take care of the impedance matching require- 
ment. This pre-amplifier is used as a voltage follower (unity gain amplifier) so that it will not affect the 
gain of an input signal. 


Clamping Circuit 


The purpose of this clamping circuit is to provide an appropriate signal levels for the input of the A/D 
converter (see figure 5). The two basic methods for using this section are: 


1. Peak clamping and 
2. Keyed clamping 


Peak clamping 


The amplitude of an analog signal for A/D converter should be OV to 2 Volts. In several applications, the 
analog signal consists of different amplitude levels. It is necessary to shift the amplitude of such signal 
to match the input conditions required by the A/D converter. This signal conditioning can be achieved 
by the clamping circuit given in figure 6. 


Keyed Clamping 


This feature can be tailored by the user for clamping the analog input signal, according to the 
requirements. When using this method, the peak clamping function described above, must be disabled. 
The user can now provide key pulses to pin 23 of the KSV3110 and adjust the voltage levels of the 
analog input signal in correspondance with the key pulses shown in the figure 7. 


If the amplitude of an analog signal is between OV and 2 Volts, then the clamping is not required. In this 
case, the clamping circuit on KSV3110 should be disabled by connecting pins 22 and 23 to the ground 
and leaving pin 20 with no connection. 
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Figure 5. KSV3208, KSV3110 Clamping Circuit for A/D Input 
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Figure 6. Operating with Peak Clamping 
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Figure 7. Operating Keyed Clamping 


D/A Converter | 
The D/A converter on the KSV3110 contains the following major function blocks: 


Data input section 

Decoding section 

Analog output section 

Output signal switchover circuit 


Data Input Section 


This section includes logic level converters, and data input register. The TTL data input to this section 
will be converted to the ECL logic level before entering into the register, since this register operates with 
the ECL voltage levels in order to obtain the desired conversion speed. The primary function of the input 
register is to hold the data constant during conversion. The register must assure precise matching of 
propagation delays to keep glitches to the minimum. 


Decoding Section 


The decoding section can be divided in two parts: first one generates very accurate currents and the 
second one causes these currents to be switched according to the contants of the input register. This 
section is the heart of the D/A converter and is called “switching network”. 


Analog Output Section 


Normally, the output of the switching network is in the form of current which must to be converted into 
voltage for interfacing with the external world. A typical value of an output impedance for the D/A 
converter is 15 Ohms. 


The output of the D/A section of KSV3110 contains two output op-amps, one of which is used to convert 
the output current into the output voltage. This amplifier has very low offset voltage and offset voltage 
drift, high slew rate and fast settling time. Also it requires very small bias current (which should be 
smaller than 1 LSB current). 
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Output Signal Switchover Circuit 


The switchover circuit is unique to this product and is not found in other compatible products. The 
output switch over circuit consists of two amplifiers and an analog switch as shown in figure 8. They are 
designed to allow an external analog signal to be multiplexed with an internally converted analog signal 
which is an output of the D/A converter. When using this feature, the external analog signal should be 
supplied to pin 38. In this case, the output at pin 1 will be either of the two signals and the selection can 
be made by applying proper logic level to pin 39. A low on pin 39 will select the internally converted 
analog signal and a high on pin 39, will select the external signal (from pin 38) as an output at pin 1. 


The advantage of this feature is obvious in video applications, where, the horizontal and vertical sync 
pulses are combined with a video signal to obtain the stabilized composite video signal as shown in 
figure 9. The slew rate of the amplifier for an external signal is 5.16 Volts/microsecond, whet the 
frequency of the external input signal is 15.7 KHz, which is the frequency of the horizontal sync pulse. 


The timing diagrams for the KSV3110 and KSV3208 are illustrated in figures 10 and 11. 
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Figure 8. KSV3110-DA Output Signal Switchover Circuit 
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Figure 9. Typical Application of Switchover Circuit 
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Figure 10. KSV3208, KSV3110 Timing Diagram (A/D) 
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DATA INPUT DATA N = DATA N+1 DATA N+2 


D/A CLOCK 
DATA \| ANALOG OUT 


ANALOG OUTPUT 
N 


ANALOG OUTPUT 


Digital data capture: Negative triggering 
Analog output; Positive triggering after 1/2 period 


2-stage latch is used F/F 1 F/F2 7 
in D/A section. a - wy 


Figure 11. KSV3110 Timing Diagram (D/A) 
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TAPE & REEL SPECIFICATIONS 
PACKAGE DIMENSIONS 


Dimensions in Milimeters 


5.85 20.15 


4.58 20.20 
11.75MAX 


4.90 20.15 


14.47 20.40 
13.5120.40 


0.50 20.10 


2.54 #0.20 3.00 20.20 


TO-220 (1) 


| 41.30 «0.10 $3.60 20.20 4.50 20.20 


2.80 £0.10 15.90 20.20 8.08 £0.30 


18. 9SMAX 


9.20 20.20 


10.00 20.20 


817 


ELECTRONICS 


Dimensions in Milimeters 


TO-3P (1) 


$3.20 20.20 


2.00 20.10 


5.80 20.10 3.50 20.20 


23.50 MAX 16.50 20.30 


18.00 £0.20 


0.20 
4: 15 “010 


2.55 20.20 


| 1.90 20.20 | 


2.90 20.20 


Td 
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ELECTRONICS 


Dimensions in Milimeters 


6.60 20.20 
2.30 20.20 


0.89 20.10 


6.10 20.20 


0.80 £0.20 


0.50 £0.10 


0.89 «0.10 


0.96MAX 0.76 £0.10 


1.02 £0.20 


2.30 #0.20 


6.60 20.20 
2.30 20.20 


0.89 20.10 


1.20 20.20 


6.10 #0.20 


1.80 £0.20 


16.60 20.30 


9,30 20,30 


0.76 20.10 


0.50 £0.10 


4.60 20.20 1.02 #0.10 
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ELECTRONICS 


8-DIP-300 


14-DIP-300 


0.468 0.1 


ELECTRONICS 


19.402 0.2 


x 
< 
= 
re) 
be 
Ta) 


5.08 MAX 


Dimensions in Milimeters 
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Dimensions in Milimeters 


16-DIP-300A 


22.95 00.2 
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ELECTRONICS 


Dimensions in Milimeters 


28-DIP-600A 


13.60 0.2 


37.102 0.2 


52.102 0.2 


0.462 0.1 1.272 0.1 


tine 


ELECTRONICS 


4.10 « 0.2 


|_| sosmax 


& 
ae = 
—z 
nn 
ro) 
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Dimensions in Milimeters 
8-SOP-225 


4.92202 


x 
< 
= 
ra) 
oy 
= 


14-SOP-225A 


10.00« 02 


1.95MAX 
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ELECTRONICS 


Dimensions in Milimefers 


32-PLCC-REC. 


15.00 « 0.12 


0.432 0.1 
+0.1 
k 0.7105 


13.22 BSC 


44-PLCC-SQ. 


+0.2 
17.534 0.12 4.34 -014 


3.762012 


17.53 0.12 


ELECTRONICS 


10.68 BSC 


15.75 BSC 
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PACKAGE DIMENSIONS 


TAPE AND REEL SPECIFICATIONS 


Samsung Tape & Reel specifications conform to the EIA-481 specification, Revision A. 


Reel Dimensions 


| = T MAX 


ed 
7 
ez 3S 


FULL RADIUS 


D-Pack Orientation 
00000 0 


a 
DIRECTION OF FEED 


lad 


Unit: mm 


Tape Size 


symbol] @mm | 2mm [16mm | 24mm 


Pawn [a [a | «0 | so 


4.0+0.1 8.0+0.1 | 8.0+0.1 | 2.0/16.0/20.0 
12.0+0.1 


24.0+0.1 


[e,__[20s01 [ 4001 [4001 | _am01 
ce ed En 


Note 1: AO BO KO are determined by component size. The 
clearance between the component and the cavity must be within 
0.05 min. to 0.90 max. for 16mm tape and 0.05 min. to 1.00 max. 
for 24mm tape. The component cannot rotate more than 20°C 
within the determined cavity. 

Note 2: Tape and components shall pass around radius “R" 
without damage. 
Note 3: For D-Pack: 


A, = 10.8+0.1 
B,=7.5+0.1 
P=12.0+0.1 


[Tape Ste [AWex[B Win] © _[DMin_ 


win [ [Max 


Embossed Carrier Dimensions 
(16 and 24 mm tape only) 


10 PITCHES 
CUMULATIVE 
TOLERANCE ON TAPE 
= 0.2 mm (+ 0.008”) 


SEE NOTE 1 


FOR MACHINE REFERENCE ONLY 
INCLUDING DRAFT AND RADII 


EMBOSSMENT CENTER LINES D, 


OF CAVITY 


USER DIRECTION OF FEED 2.0 mm ~« 1.2 mm 


CONCENTRIC AROUND B, AND LARGER 
_— R MIN 
TAPE AND COMPONENTS 
SHALL PASS AROUND RADIUS “R” 
WITHOUT DAMAGE 
10° MA T 
‘| XIMUM COMPONENT ROTATION eb cain 
TAPE THICKNESS (t,) 
TYPICAL 0.10 mm 
COMPONENT CAVITY (.004") MAX 


CENTER LINE 


TYPICAL 
_— COMPONENT EMBOSSED 
\e CENTER LINE CARRIER 
EMBOSSMENT 
100 mm 


(3.637°) 


om mm MAX 


aes et a 
- 1mm ; 

(.039") MAX 259 mm 

(9.843") 


CAMBER (TOP VIEW) 
ALLOWABLE CAMBER TO BE 1 mm 100 mm NONACCUMULATIVE OVER 250 mm 


Pin Count Tape Width Quantity/Reel 
(mm) 


: 


Unit: mm 


SO-24 
D-PACK 


ELECTRONICS 
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FOR COMPONENT 


NOTES 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-U.S.A. 


Northwest 
3655 North First Street 
San Jose, CA 95134 
Tel: (408) 954-7000 
Fax: (408) 954-7883 


North Central 
300 Park Boulevard 
Suite 210 
Itasca, IL 60143-2636 
Tel: (708) 775-1050 
Fax: (708) 775-1058 


Southwest South Central 
16253 Laguna Canyon Road 15851 Dallas Parkway 
Suite 100 Suite 840 


Irvine, CA 92718 
Tel: (714) 753-7530 
Fax: (714) 753-7544 


Dallas, TX 75248-3307 


Tel: (214) 770-7970 
Fax: (214) 770-7971 


North East 
20 Mall Road 
Suite 410 
Burlington, MA 01803 
Tel: (617) 273-4888 
Fax: (617) 273-9363 


Southeast 
802 Greenvalley Road 
Suite 204 
Greensboro, NC 27408 
Tel: (919) 370-1600 
Fax: (919) 370-1633 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ALABAMA 
SOUTH ATLANTIC COMPONENT 
1100 Jordon Lane 
Suite D 
Huntsville, AL 35816 


SALES 
TEL: (205) 533-4229 
FAX: (205) 533-5008 


SOUTHERN COMPONENT SALES 


307 Clinton Avenue E, #413 
Huntsville, AL 35801 


ARIZONA 
O'DONNELL ASSOCIATES 
2432 W. Peoria Ave. #1026 
Phoenix, AZ 85029 


CALIFORNIA 
BESTRONICS 
9683 Tierra Grande Street, #102 
San Diego, CA 92126 
I-SQUARED 
3350 Scott Blvd. 
Building 10 
Santa Clara, CA 95054 
WESTAR REP COMPANY 
15265 Alton Parkway, #400 
Irvine, CA 92718 , 
WESTAR REP COMPANY 
26500 Agoura Rd., #204 
Calabasas, CA 91302 


CANADA 
INTELATECH, INC. 
218 Third Avenue NE 
Calgary, Alberta, CanadaT2E OH2 
INTELATECH, INC. 
1115 Crestlawn Drive, #1 
Mississauga, Ontario L4W1A7I 
INTELATECH, INC. 
29 Charlevoix 


TEL: (205) 533-6500 
FAX: (205) 533-6578 


TEL: (602) 944-9542 
FAX: (602) 861-2615 


TEL: (619) 693-1111 
FAX: (619) 693-1963 


TEL: (408) 988-3400 
FAX: (408) 988-2079 
TEL: (714) 453-7900 
FAX: (714) 453-7930 


TEL: (818) 880-0594 
FAX: (818) 880-5013 


TEL: (403) 230-3190 
FAX: (403) 230-3183 


TEL: (416) 629-0082 
FAX: (416) 629-1795 


TEL: (514) 630-6041 
FAX: (514) 630-5612 


Kirkland, Quebec, Canada H9J 2S4 


INTELATECH, INC. 
275 Michael Copeland Drive 
Canata, Ontario, Canada K2M 2G2 


COLORADO 
FRONT RANGE MARKETING 
3100 Arapahoe Road, #404 
Boulder, CO 80303 


ELECTRONICS 


TEL.:(613) 762-8014 
FAX:(416) 629-1795 


TEL: (303) 443-4780 
FAX: (303) 447-0371 


FLORIDA 
B/B TECH SALES TEL: (305) 477-0341 
3900 N.W. 79th Avenue, #636 FAX: (305) 477-0343 
Miami, FL 33166 


DYNE-A-MARK CORP. 

101 Sunnytown Road, #110 
Casselberry, FL 32707 
DYNE-A-MARK CORP. 
742 Penguin Avenue NE 
Palm Bay, FL 32905 
DYNE-A-MARK CORP. 
1001 NW 62nd Street, #300N 
Fort Lauderdale, FL 33309 
DYNE-A-MARK CORP. 
7884 Tent Avenue S 

St. Petersburg, FL 33707 


GEORGIA 
SOUTH ATLANTIC COMPONENT SALES 
3300 Holcomb Bridge Road, #210 TEL: (404) 447-6154 
Norcross, GA 30092 FAX: (404) 447-6714 


ILLINOIS 
DAVIX INTERNATIONAL LTD. 
1655 N. Arlington Heights Rd. 
Suite 302 East 
Arlington Heights, IL 60004 


INDIANA 
GEN Il MARKETING, INC. 
3003 E. 96th Street, #102 
Indianapolis, IN 46240 


TEL: (407) 835-2822 
FAX: (407) 834-4524 


TEL: (407) 724-7470 
FAX: (407) 984-2718 


TEL: (305) 771-6508 
FAX: (305) 772-0114 


TEL: (813) 345-9411 
FAX: (813) 345-3731 


TEL: (708) 259-5300 
FAX: (708) 259-5428 


TEL: (317) 848-3083 
FAX: (317) 848-1264 


GEN II MARKETING, INC 
1415 Magnavox Way, #130 
Ft. Wayne, IN 46804 


IOWA 
ASSOCIATED ELECTRONIC MARKETING, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, 1A 52302 FAX: (319) 377-1539 


TEL: (219) 436-4485 
FAX: (219) 436-1977 


KANSAS 
ASSOCIATED ELECTRONIC MARKETING, INC. 
8843 Long St. TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


KENTUCKY 
GEN Il MARKETING, INC. 
4012 Dupont Circle, #414 
Louisville, KY 40207 


MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. 
111 South Bedford Street, #102 
Burlington, MA 01803 


MICHIGAN 
MICROTECH SALES 
9357 General Drive, #116 
Plymouth, MI 48170 


MINNESOTA 
GP SALES, INC. 
7600 Parklawn, #315 
Edina, MN 55435 


MISSOURI 


TEL: (502) 894-9903 
FAX: (502) 893-2435 


TEL: (617) 229-8888 
FAX: (617) 229-1614 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


TEL: (612)831-2362 
FAX: (612) 831-2619 


ASSOCIATED ELECTRONIC MARKETING, INC. 
11520 St. Charles Rock Rd., #131 TEL: (314) 298-9900 


Bridgeton, MO 63044 


NEW MEXICO 
O'DONNELL ASSOCIATES 
3200 Carlisle Blvd. NE, #119 
Albuquerque, NM 87110 


NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr., #211 
Plainview, NY 11803 
T-SQUARED 
6170 Wynmoor Drive 
Cicero, NY 13039 
T-SQUARED 
7353 Victor-Pittsford Road 
Victor, NY 14564 
T-SQUARED 
1790 Pennsylvania Avenue 
Apalachin, NY 13732 


NORTH CAROLINA 


FAX: (314) 298-8660 


TEL: (505) 889-4522 
FAX: (505) 889-4598 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


TEL: (315) 669-1559 
FAX: (315) 669-1705 


TEL: (716) 924-9101 
FAX: (716) 924-4946 


TEL: (607) 625-3983 
FAX: (607) 625-5294 


SOUTH ATLANTIC COMPONENT SALES 


1401 Seneca Drive 
Charlotte, NC 28209 


TEL: (704) 525-0510 
FAX: (704) 525-0510 


SOUTH ATLANTIC COMPONENT SALES 


4904 Waters Edge Drive 
Suite 268 
Raleigh, NC 27606 


OHIO 
J.N. BAILEY & ASSOCIATES 
129 W. Main Street 
New Lebanon,OH 45345 
J.N. BAILEY & ASSOC.IATES 
2978 Findley Avenue 
Columbus,OH 43202 
J.N. BAILEY & ASSOCIATES 
1667 Devonshire Drive 
Brunswick,OH 44212 


OREGON 
ATMI 
4900 SW Griffith Drive, #105 
Beaverton, OR 97005 


TEL: (919) 859-9970 
FAX: (919) 859-9974 


TEL: (513) 687-1325 
FAX: (513) 687-2930 


TEL: (614) 262-7274 
FAX: (614) 262-0384 


TEL: (216) 273-3798 
FAX: (216) 225-1461 


TEL: (503) 643-8307 


FAX: (503) 643-4364 


ELECTRONICS 


PENNSYLVANIA 
CMS SALES & MARKETING 
527 Plymouth Road, #420 
Plymouth Meeting, PA 19462 


PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 
Calle Cruz #2 
Bajos, San German 
Puerto Rico 00753 


TEXAS 
O'DONNELL ASSOCIATES 
5959 Gateway West, #558 
El Paso, TX 79925 
VIELOCK ASSOCIATES 
555 Republic Drive, #105 
Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Blvd. 
Echelon BLDG. 2, Suite 330 
Austin, TX 78759 
VIELOCK ASSOCIATES 
10700 Richmond Avenue, #108 
Houston, TX 77042 


UTAH 


TEL: (215) 834-6840 
FAX: (215) 834-6848 


TEL: (809) 892-4260 
FAX: (809) 892-3366 


TEL:(915) 778-258 1/82 
FAX:(915) 778-6429 


TEL: (214) 881-1940 
FAX: (214) 423-8556 


TEL: (512) 345-8498 
FAX: (512) 346-4037 


TEL: (713) 974-3287 
FAX: (713) 974-3289 


FRONT RANGE MARKETING, INC. 


488 East 6400 South, #280 
Murray, UT 84107 


WASHINGTON 
ATMI 
8521 154th Ave., NE 
Redmond, WA 98052 


WISCONSIN 
DAVIX INTERNATIONAL LTD. 
N91 W17194 Appleton Avenue 
Menomonee Falls, WI 53051 


TEL: (801) 288-2500 
FAX: (801) 288-2505 


TEL: (206) 869-7636 
FAX: (206) 869-9841 


TEL: (414) 255-1600 
FAX: (414) 255-1863 
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SAMSUNG SEMICONDUCTOR SALES OFFICES-EUROPE 


SAMSUNG SEMICONDUCTOR MUENCHEN OFFICE 


MILANO OFFICE LONDON BIRMINGHAM OFFICE 


EUROPE GmbH Carl-Zeiss-Ring 9 Viale G. Matteotti, 26 Samsung House 3 Florence House St. 
Samsung House Am 8045 Ismaning 1-20095 Cusano Riverbank Way Great Mary’s Road Hinckly, 
Unisyspark 1 Bei Muenchen Milanino West Road Leicestershire LE10 


6231 Sulzbach (Germany) 
TEL: 0049-6 196-582-06 
FAX: 0049-6196-750-345 


TEL: 0049-89-964838 
FAX: 0049-89-964873 


TEL: 0039-2-66400181 
FAX: 0039-2-6192279 


Brentford Middlesex TW8 9RE 1EQ 
TEL: 0044-81-8629300 TEL: 0044-455-891111 
FAX: 0044-81-5680528 FAX: 0044-455-612345 


PARIS OFFICE STOCKHOLM 
Centre d’Affaires La OFFICE 

Boursidiere RN 186, Bat. Bergkaellavaegen 32 
Bourgogne, BP 202 P.O. Box 319 

92357 Le Plessis-Robinson $-19130 Sollentuna 
TEL: 0033-1-40940700 TEL: 0046-8-6269626 
FAX: 0033-1-40940216 FAX: 0046-8-6268638 


BARCELONA OFFICE BELGIUM OFFICE 
C. Provenza, 5193-1 Rue de Geneve 10, 
E-08025 Barcelona B3 B-1140 Brussels 
TEL: 0034-3-4-332856 TEL: 0032-2-2456510 
FAX: 0034-3-4-331944 FAX: 0032-2-2456313 


SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


EUROPE 


BELGIUM 


INELCO ELECTRONICS COMPONENTS DIVISION 

Oorlogknisenlaan 94 TEL: 0032-2-2442911 

B-1120 Brussels FAX: 0032-2-2164606 
TLX: 046-25820 


GERMANY 


ASTRONIC GmbH 
Gruenwalder Weg 30 
D-8024 Deisenhofen 


TEL: 0049-89-6130303 
FAX: 0049-89-6131668 
TLX: 5216187 


CANNING ELECTRONIC DISTRIBUTION GmbH 
Laatzener Str. 19 TEL: 0049-511-87640 
Postfach 721226 FAX: 0049-551-8764160 
D-3000 Hannover 72 TLX: 923509 


DENMARK 


EXATEC A/S 
Dortheavej 1-3 
DK-2400 Kopenhagen NV 


TEL: 00453-1-191022 
FAX: 00453-1-193120 


FINLAND 


GADELIUS TAHINIK OY 
P.O. Box 125 
SF-00241 Helsinki 


OY FINTRONIC AB 
Helkkilantie 2a 
00210 Helsinki 


FRANCE 


MEGACHIP 

9, avenue du Canada Parc 
Hightec 6 

Z.A. de Courtaboeuf 
91966 Les Ulis cedex 


SCAIB 

6, Rue le Corbusier 
Silic 424 

F-94583 Rungis, Cedex 


TLX: 27253 


TEL: 00358-1482177 
FAX: 00358-1482189 


TEL: 00358-6926022 
FAX: 00358-5821251 


TEL: 0033-1-69290404 
FAX: 0033-1-69290039 


TEL: 0033-1-46868170 
FAX: 0033-1-45605549 
TLX: 042-206952 


MSC VERTRIEBS GmbH 
Industrie Str. 16 
Postfach 1380 

D-7513 Stutensee 3 


ICRONETICS GmbH 
eil Der Staedter Str. 45 
D-7253 Renningen 1 


TEL: 0049-7249-7580 
FAX: 0049-7249-7993 
TLX: 465230 


TEL: 0049-7159-6019 
FAX: 0049-7159-5119 
TLX: 724708 


SILCOM ELECTRONICS VERTRIEBS GmbH 


Hindenburg Str. 284 


TEL: 0049-2161-15074 


D-4050 Moenchengladbach FAX: 0049-2161-183313 


ITALY 


CLAITRON SPA 
Via Gallarate, 211 
20151 Milano 


TLX: 852189 


TEL: 0039-2-33404205 
FAX: 0039-2-38006789 


FANTON COMPONENTS BOLOGNA S.R.L. 


Via O. Simoni, 5 


1-40011 Anzola dell’ Emilia 


TEL: 0039-51-735015 
FAX: 0039-51-735013 


ELECTRONICS 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


THE NETHERLANDS SWITZERLAND 
MALCHUS BV HANDELMIJ ELBATEX AG 
Fokkerstraat 511-513 TEL: 0031-10-4277777 Hard Str. 72 TEL: 0041-56275500 
Postbus 48 FAX: 0031-10-4154867 5430 Wettingen Schweiz FAX: 0041-56275511 
NI-3125 BD Schiedam TLX: 044-21598 TLX: 045-868763 
SPAIN UNITED KINGDOM 
SEMICONDUCTORS S.A. ITT MULTICOMPONENTS LTD. 
Ronda General Mitre TEL: 0034-3-2172340 346 Edinburgh Avenue TEL: 0044-753-824212 
240 Bis FAX: 0034-3-2176598 Slough Berkshire SL1 4TU FAX: 0044-753-824160 
E-08006 Barcelona TLX: 052-97787 TLX: 849808 
NELTRONIC LIMITED 
SWEDEN John F. Kennedy Road TEL: 00353-1-503560 
MIKO KOMPONENTS ‘sire Dublin 12 ses — 
Segersbyvaegen 3 TEL: 0046-753-89080 
P.P. Box 2001 FAX: 0046-753-75340 
S-14502 Norsborg TLX: 054-15023 
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_~ SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


ASIA 


HONG KONG 


AV, CONCEPT LTD. 


ROOM 802-804, Tower A, 8/Fl., TEL: 362925 
Hunghom Commercial Centre, FAX: 7643108 


37-39 MA Tau Wai Road, TLX : 52362 ADVCC HX 
Hunghom, Kowloon, 

Hong Kong 

PROTECH COMPONENTS LTD. 

Unit 2,3/F, Wah Shing Centre, TEL : 7930882 

11 Shing Yip Street, FAX: 7930811 

Kwun Tong, Kowloon, 

Hong Kong 


WISEWORLD ELECTRONICS LTD. 


Room 708, Tower A, 7/FI., TEL: 7658923 
Hunghom Commercial Centre, FAX: 3636203 
37-39 Ma Tau Wai Road, Hunghom, 

Kowloon, Hong Kong 


IBDT HK LTD. (CHINA AREA) 


Room 605, Arion Commercial TEL : 815-6000 
Centre, 2-12, Queen's Road, FAX: 815-3725 
West, Hong Kong 


SOLARBRITE ELECTRONICS LTD. 


(CALCULATOR & WATCH) 

Unit 1, 11/F, Tower 1, Harbour TEL : 3633233 
Centre, 1, Hok cheung FAX: 3633900 

St, Hunghom, Kowloon, TLX : 52543 SECL HX 
Hong Kong 

LISENG & CO. 

(4BIT/8BIT ONE CHIP SOFTWARE HOUSE) 

Flat B&C, 6/F, Four Seas TEL : 5431338 
Communication Bank Bldg, FAX: 5442602 


49-51 Bonham Strand 
West, Hong Kong 


SOLARI COMPUTER ENGINEERING LTD. 
(4 BIT/8BIT ONE CHIP SOFTWARE HOUSE) 
Roon 2018-2025, Tower 1, TEL: 418-0988 


Metroplaza, Kwai Fong, FAX: 418-0887 
N.T., Hong Kong 


DATAWORLD INTERNATIONAL LTD. 
(MIYUKI ELECTRONICS (HK) LTD.) 
(ASIC DESIGN HOUSE) 


Flat No. 3-4,5/FI., TEL: 7862611 
Yuen Shing Ind. Bldg., FAX: 7856213 
1033, Yee Kuk Street, West, TLX : 45876 MYK HX 


Kowloon, Hong Kong 


SYNTHESIS SYSTEMS DESIGN, LTD. 
(ASIC DESIGN HOUSE) 
Unit 4,12/F Chai Wan Ind. City, TEL : 557-1102 


Phase 2, No. 70, Wing Tai Road, FAX: 889-2962 
Chai Wan, Hong Kong 


ELECTRONICS 


TA/WAN 
YOSUN INDUSTRIAL CORP. 
7F, No. 76, Sec. 1, TEL: (02)788-1991 
Cheng Kung Rd. Nan Kang, FAX: (02)788-1996 
Taipei, R.O.C. 
KINREX CORP. 
13F, NO, 59, Sec. 2, TEL : 02-700-4686-9 
Tun Hwa S. Rd, Taipei, FAX: 02-704-2482 
Taiwan, R.O.C. TLX : 20402 KINREX 
SANT SONG CORP. 
15F-2, Na 76, Sec. 2, TEL: (02) 703-1767 
Tun Hwa S. Rd. Taipei, FAX: (02) 704-0645 
Taiwan, R.O.C. 

JAPAN 


TOMEN ELECTRONICS CORP. 


1-1 Uchisaiwa-Cho 2 Chome TEL: (03) 3506-3654 
Chiyoda-Ku Tokyo, 100 Japan FAX: (03) 3506-3497 


RIKEI 
Nichimen Bldg., TEL: (06) 201-2081 
2-2 Nakanojima 2 Chome, FAX: (06) 222-1185 
Kita-Ku, Osaka, 530 Japan 
ISECO 
26-3, Kitamagome 2 Chome, TEL: (03) 3777-3611 
Ota-Ku, Tokyo, 143, Japan FAX: (03) 3777-3614 
ADO 
7F Sasage Bldg., TEL: (03) 3257-2600 
4-6 Sotokanda 2 Chome FAX: (03) 3251-9705 
Chiyoda-Ku Tokyo, 101 Japan 
MARUBUN 
8-1 Nihombashi-Odenma-Cho TEL : (03) 3639-9897 
Chuo-Ku Tokyo, 103 Japan FAX: (03) 3661-7433 
SAMSUNG JAPAN 
No, 3108 Kasumigaseki Bldg.., TEL : (03) 3639-9897 
3-2-5 Kasumigaseki Tokyo, FAX: (03) 3661-7433 
100 Japan 

SINGAPORE 


ASTINA ELECTRONIC(S) PTE LTD. 


315, Outram Road, TEL : 65-223222'1 
#11-02 Tan Boon Liat Bidg., FAX: 65-2213776 
Singapore, 0315 


BOSTEX ELECTRONICS PTE LTD. 


190 Middle Road #12-01A TEL : 3395713 
Fortune Centre FAX: 3389536 
Singapore, 0718 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES 


SAMSUNG(THAILAND) CO., LTD. 

15th Fl. Sathorn Thani Bidg., TEL: 662-2367642-5 
92/40-41 North Sathorn Road FAX: 662-2368049 
Bankok 10500, Thailand 


SOUTH-WEST ELECTRONICS PTE LTD. 

30 Kallang Pudding Road, TEL: 7431813 
#04-04 Valiant Industrial Bldg., FAX: 7471128 
Singapore 1334 


VUTIPONG ELECTRONIC CO., LTD. 
51-53 Pahurat Rd, (Banmoh) — TEL: 662-2266496-9 
Bankok 10200, Thailand FAX: 662-2240861 


YIC SINGAPORE PTE, LTD. 

623, Aljunied Road, #06-08 TEL: 65-7490677 
Aljunied Industrial Complex, FAX: 65-7477019 
Singapore, 1438 


SAMSUNG SINGAPORE PTE, LTD. 

10 Collyer Quay, #14-01, TEL: 65-5333143 
Ocean Building, FAX: 65-5343429 
Singapore 0104 


INDIA 


COMPONENTS AND SYSTEMS MARKETING 
ASSOCIATES (INDIA) PVT. LTD. 

100, Dadasaheb Phalke Road, TEL: 4114585 

Dadar, Bombay 400 FAX: 4112546 

014 TLX: 001-4605 PDT IN 


TURKEY 


ELEKTRO SAN. VE TIC. KOLL STI. 

Hasanpasa, Ahmet Rasim TEL: 337-2245 
Sok No. 16 Kadikoy Istanbut, FAX: 336-8814 
Turkey TLX: 29569 elts tr 


KOREA 


NAEWAE SEMICONDUCTOR CO., LTD. 
710-10, Daelim-dong, TEL: 717-4065—7 
Youngdeungpo-ku, 702-4407—9 
Seoul, Korea FAX: 702-3924 

TLX: NELCO K27419 


SAMSUNG LIGHT-ELECTRONICS CO., LTD. 


4th Fl. Room 2-3, TEL: 718-0045 
Electronics Main Bldg., 718-9531—5 
16-9, Hankangro-3ka, FAX: 718-9536 


Yongsan-ku, Seoul, Korea 


NEWCASTLE SEMICONDUCTOR CO., LTD. 

4th Fl. Room 410-411, TEL: 718-8531—4 
Electronics Main Bldg., FAX: 718-8535 
16-9, Hankangro-3ka, 

Yongsan-ku, Seoul, Korea 


HANKOOK SEMICONDUCTOR & 
TELECOMMUNICATIONS CO., LTD. 

402 Suite, Sowon Blidg., TEL: 338-2015—8 
354-22, Seokyo-dong, Mapo-ku, FAX: 338-2983 
Seoul, Korea 


SEGYUNG INTERISE CORP. 

Dansan Bldg., 301, 7-44 TEL: (02) 469-7969 
Hwayang-dong, Sungdong-ku, FAX: (02) 469-7966 
Seoul, Korea 


SEGYUNG ELECTRONICS 
182-2, Jangsa-dong, 
Jongro-ku, Seoul, Korea 


TEL: 273-6781—3 
FAX: (02) 273-6597 
TLX: K24950 SUKSEMT 


SAMTEK 
71, Samsung-dong, Kangnam-_ TEL: (02) 516-3166—9 
ku, Seoul, Korea FAX: (02) 544-9650 


SUNIN INDUSTRIES CO., LTD. 
Sunin Bldg., 7Fl., 16-1, 
Hankangro-2ka, Yongsan-ku, 
Seoul, Korea 


TEL: 718-7113—6 
702-1257—9 
FAX: 715-1031 
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ARIZONA 


ADDED VALUE 

7741 East Gray Road 
Suite 9 

Scottsdale, AZ 85260 


CALIFORNIA 


ADDED VALUE 

1582 Parkway Loop 
Unit G 

Tustin, CA 92680 
ADDED VALUE 

5752 Oberlin Drive 
Suite 105 

San Diego, CA 92121 
ALL AMERICAN 

369 Van Ness Way 
Unit 701 

Torrance, CA 90501 
ALL AMERICAN 
2360 Qume Drive, Suite C 
San Jose, CA 95131 
ALL AMERICAN 

5060 Shoreham Place 
Suite 200 

San Diego, CA 92122 
1.E.C. 

9940 Business Park Drive 
Suite 145 

Sacramento, CA 95827 
ITT Components 

18 Technology Drive 
Irvine, CA 92718 

ITT Components 

1580 Oakland Road 
Suite C102 

San Jose, CA 95131 
JACO 

1541 Parkway Loop 
Suite A 

Tustin, CA 92680 
JACO 

2282 Townsgate Road 
Suite 100 


Westlake Village, CA 91361 


JACO 

2880 Zanker Road 
Suite 202 

San Jose, CA 95134 


CANADA 


ACTIVE 
237 Hymus Boulevard 


Point Claire, Quebec H9R 5C7 


ACTIVE 

100 S.E. Marine Drive 
Vancouver, BC V5X 2S3 
ACTIVE 

100 Lombard Street 
Toronto, Ontario M5C 1M3 
ACTIVE 

5651 Ferrier Street 


Montreal, Quebec H4AP 1N1 


(602) 951-9788 
FAX: (602) 951-4182 


(714) 259-8258 
FAX: (714) 259-0828 


(619) 558-8890 
FAX: (619) 558-3018 


(800) 831-8300 
(213) 320-0240 
FAX: (213) 320-7207 


(408) 943-1200 
FAX: (408) 943-1393 


(619) 458-5850 
FAX: (619) 458-5866 


(916) 363-6030 
FAX: (916) 362-6926 


(714) 727-4001 
FAX: (714) 727-2109 


(408) 453-1404 
FAX: (408) 453-1407 


(714) 258-9003 
FAX: (714) 258-1909 


(805) 495-9998 
(800) 266-1282 
FAX: (805) 494-3864 


(408) 432-9290 
FAX: (408) 432-9298 


(514) 694-7710 
FAX: (514) 697-8112 


(604) 324-7500 
FAX: (604) 324-3100 


(416) 367-2911 
FAX: (416) 367-4706 


(514) 731-7441 
FAX: (514) 731-0129 


ELECTRONICS 


SAMSUNG SEMICONDUCTOR DISTRIBUTORS 


CANADA (Continued) 


ACTIVE 


3220 5th Avenue, N.E. Bay 2 


Calgary, Alberta T2A 5N1 
ACTIVE 
106 King Edward St., E 


Winnepeg, Manitoba R3H ON8 


ACTIVE 


1350 Matheson Blvd, Unit 2 
Mississauga, Ontario L4W 4MI 


ACTIVE 
6029 103rd St. 


Edmonton, Alberta T6H 2H3 


ACTIVE 

1990 Blvd. Charest O. 
Ste-Foy, Quebec G1N 4K8 
ACTIVE 

1023 Merivale Road 
Ottawa, Ontario KiZ 6A6 
ACTIVE 

6080 Metropolitan East 
Montreal, Quebec H1S 1A9 


COLORADO 


ADDED VALUE 

4090 Youngfield 
Wheatridge, CO 80033 
1.E.C. 

420 East 58th Avenue 
Denver, CO 80216 
1.E.C. 

5750 North Logan Street 
Denver, CO 80216 


Q.P.S. 
14291 E. 4th Avenue 
Bldg. 7, Unit 208 


Aurora, CO 80011 


FLORIDA 


ALL AMERICAN 
16085 NW 52 Avenue 
Miami, FL 33014-9317 
ALL AMERICAN 
5009 Hiatus Road 
Sunrise, FL 33351 
JACO 

1060 Holland Drive 
Suite 3K 

Boca Raton, FL 33487 
RM ELECTRONICS 
581 East St. Rte. 434 
Longwood, FL 32750 


ILLINOIS 


1.E.C. 

2200 N. Stronington Ave., 
Suite 210 

Hoffman Estates, IL 60195 
QPS 

101 E. Commerce Dr. 
Schaumburg, IL 60173 


(403) 235-5300 
FAX: (403) 248-0750 


(204) 786-3075 
FAX: (204) 783-8133 


(416) 238-8825 
FAX: (416) 238-2817 


(403) 438-5888 
FAX: (403) 434-0812 


(418) 682-5775 
FAX: (418)682-8303 


(613) 728-7900 
FAX: (613) 728-3586 


(514) 256-7538 
FAX: (514) 256-4890 


(303) 422-1701 
FAX: (303) 422-2529 


(303) 292-5537 
FAX: (303) 292-0114 


(303) 292-6121 
FAX: (303) 297-2053 


(303) 343-9260 
FAX: (303) 343-3051 


(305) 621-8282 
FAX: (305) 620-7831 


(800) 327-6237 
FAX: (305) 749-9229 


(407) 241-7943 
FAX: (407) 241-7950 
(407) 767-8005 
FAX: (407) 767-8165 
(708) 843-2040 


FAX: (708) 843-2320 


(708) 884-6620 
FAX: (708) 884-7573 
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SAMSUNG SEMICONDUCTOR REPRESENTATIVES (Continued) 


INDIANA (Continued) 


GEN II MARKETING, INC TEL: (219) 436-4485 
1415 Magnavox Way FAX: (219) 436-1977 
Suite 130 
Ft. Wayne, IN 46804 

IOWA 


ASSOCIATED ELECTRONIC MARKETERS, INC. 
4001 Shady Oak TEL: (319) 377-1129 
Marion, 1A 52302 FAX: (319) 377-1539 


KANSAS 
ASSOCIATED ELECTRONIC MARKETERS, INC. 
8843 Long St. TEL: (913) 888-0022 
Lenexa, KS 66215 FAX: (913) 888-4848 
KENTUCKY 
GEN II MARKETING, INC. TEL: (502) 894-9903 


4012 Dupont Circle 
Suite 414 
Louisville, KY 40207 


FAX: (502) 893-2435 


MASSACHUSETTS 
NEW TECH SOLUTIONS, INC. TEL: (617) 229-8888 
111 South Bedford Street FAX: (617) 229-1614 
Suite 102 
Burlington, MA 01803 

MICHIGAN 


MICROTECH SALES 
9357 General Drive 


TEL: (313) 459-0200 
FAX: (313) 459-0232 


Suite 116 
Plymouth, MI 48170 

MINNESOTA 
GP SALES, INC. TEL: (612)831-2362 
7600 Parklawn FAX: (612) 831-2619 
Suite 315 
Edina, MN 55435 

MISSOURI 


ASSOCIATED ELECTRONIC MARKETERS, INC. 
11520 St. Charles Rock Rd. TEL: (314) 298-9900 
Suite 131 FAX: (314) 298-8660 
Bridgeton, MO 63044 
NEW MEXICO 
O'DONNELL ASSOCIATES TEL: (505) 889-4522 
3200 Carlisle Blvd. NE FAX: (505) 889-4598 
Suite 104 
Albuquerque, NM 87110 
NEW YORK 
NEPTUNE ELEC. 
255 Executive Dr. 
Suite 211 
Plainview, NY 11803 
T-SQUARED TEL: (315) 699-1559 
6170 Wynmoor Drive FAX: (315) 699-1705 
Cicero, NY 13039 


TEL: (516) 349-1600 
FAX: (516) 349-1343 


T-SQUARED TEL: (716) 924-9101 
7353 Victor-Pittsford Road FAX: (716) 924-4946 
Victor, NY 14564 
T-SQUARED TEL: (607) 625-3983 
1790 Pennsylvania Avenue FAX: (607) 625-5294 
Apalachin, NY 13732 

NORTH CAROLINA 


SOUTH ATLANTIC COMPONENT SALES 
4904 Waters Edge Drive TEL: (919) 859-9970 


Suite 268 FAX: (919) 859-9974 
Raleigh, NC 27606 


ELECTRONICS 


SOUTH ATLANTIC COMPONENT SALES 

1401 Seneca Drive TEL: (704) 525-0510 

Charlotte, NC 28209 FAX: (704) 525-0510 
OHIO 

J.N. BAILEY & ASSOCIATES — TEL: (513) 687-1325 

129 W. Main Street FAX: (513) 687-2930 


New Lebanon,OH 45345 
J.N. BAILEY & ASSOC.IATES TEL: (614) 262-7274 
2978 Findley Avenue FAX: (614) 262-0384 


Columbus,OH 43202 
J.N. BAILEY & ASSOCIATES — TEL: (216) 273-3798 
1667 Devonshire Drive FAX: (216) 225-1461 
Brunswick,OH 44212 

OREGON 
ATMI TEL: (503) 643-8307 
4900 SW Griffith FAX: (503) 643-4364 
Suite 105 
Beaverton, OR 97005 

PENNSYLVANIA 
CMS SALES & MARKETING _ TEL: (215) 834-6840 
527 Plymouth Road FAX: (215) 834-6848 
Suite 420 
Plymouth Meeting, PA 19462 

PUERTO RICO 
DIGIT-TECH 
P.O. Box 1945 TEL: (809) 892-4260 
Calle Cruz #2 FAX: (809) 892-3366 
Bajos, San German 
Puerto Rico 00753 


TEXAS 
O'DONNEL ASSOCIATES TEL: (915) 778-2581 
5959 Gateway West FAX: (915) 778-2581 
Suite 558 


El Paso, TX 79925 
VIELOCK ASSOCIATES 
555 Republic Drive 

Suite 105 

Plano, TX 75074 
VIELOCK ASSOCIATES 
9430 Research Blvd. 
Echelon Bldg. 2, Suite 330 
Austin, TX 78759 


TEL: (214) 881-1940 
FAX: (214) 423-8556 


TEL: (512) 345-8498 
FAX: (512) 346-4037 


VIELOCK ASSOCIATES TEL: (713) 974-3287 
10700 Richmond Avenue FAX: (713) 974-3289 
Suite 108 
Houston, TX 77042 

UTAH 


FRONT RANGE MARKETING, INC. 
488 E. 6400 South TEL: (801) 288-2500 
Suite 280 FAX: (801) 288-2505 
Murray, UT 84107 

WASHINGTON 
ATMI TEL: (206) 869-7636 
8521 154th Ave., NE FAX: (206) 869-9841 
Redmond, WA 98052 

WISCONSIN 
DAVIX INTERNATIONAL LTD. TEL: (414) 255-1600 
N91 W17194 Appleton Avenue FAX: (414) 255-1863 
Menomonee Falls, WI 53051 
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